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1949  NATIONAL  ANNUAL  MEETING 

The  technical  sessions  of  the  1949  National  Annual  Meeting  were  held  in  the  Black  and 
Silver  Room  of  the  Gvic  Auditorium  in  Grand  Rapids,  Michigan,  with  the  exception  of  Ses¬ 
sion — III,  which  was  held  in  the  Red  Room  of  the  Auditorium.  The  Forest  Products  Industry 
Show  was  held  in  the  exhibit  floor  of  the  Auditorium.  Technical  Session — I  was  opened  by 
President  George  A.  Garratt  at  9:30  a.  m.,  Monday,  May  2,  1949. 


Registration 

Registration  was  opened  at  4:00  p.  m.,  Sun¬ 
day,  May  1,  in  the  lobby  of  the  Pantlind 
Hotel,  the  headquarters  hotel  for  the  meeting. 
As  in  previous  years,  the  meeting  was  open  to 
all  interested  persons,  whether  members  or 
non-members.  A  registration  fee  of  $3.00  was 
charged  to  all  who  attended  the  technical  ses¬ 
sions.  During  the  three-day  meeting  a  total  of 
654  persons  registered  for  these  sessions,  there¬ 
by  establishing  a  new  record  for  attendance  at 
a  Society  meeting.  Admission  to  the  Forest 
Products  Industry  Show  was  free,  and  an  esti¬ 
mated  4,000  people  visited  it  between  8:00 
a.  m.,  on  Monday  and  10:00  p.  m.,  on  Wednes¬ 
day,  when  it  was  closed.  The  meeting  drew 
representatives  from  37  states,  all  provinces  of 
Canada,  and  many  foreign  countries,  including 
England,  Holland,  Norway,  Sweden,  Mexico, 
and  the  Hawaiian  Islands. 

President’s  Reception 

An  informal  President’s  Reception  was  held 
in  the  Grand  Ball  Room  of  the  Hotel  Pant¬ 
lind  on  the  night  of  Monday,  May  2.  Close 
to  500  men  and  women  attended  this  enter¬ 
taining  affair,  which  highlighted  the  social  ac¬ 
tivities  of  the  meeting.  An  unusual  program 
of  music  was  furnished  by  the  Harmony  Halls, 
•one  of  Grand  Rapid’s  nationally  famous  bar¬ 
bershop  quartets.  'The  reception  was  preceded 
by  a  cocktail  hour  in  the  Schubert  Room^of  the 
Pantlind  Hotel. 

Field  Trips 

An  outstanding  selection  of  field  trips  was 
offered  to  the  members  on  the  afternoon  of 
Tuesday,  May  3.  Se'veral  hundred  took  advan¬ 


tage  of  the  opportunity  to  visit  either  the  Has- 
kelite  Manufacturing  Company,  the  American 
Seating  Company,  or  the  Grand  Rapids  Equip¬ 
ment  Company.  Tour  groups  left  the  Society’s 
registration  desk  in  the  lobby  of  the  Black 
and  Silver  Room  of  the  Civic  Auditorium  at 
1:30  p.  m.  and  returned  about  4:00  p.  m.  The 
trips  were  nude  by  bus. 

Ladies  Program 

In  addition  to  attending  the  President’s  Re¬ 
ception,  the  wives  who  traveled  to  Grand  Rap¬ 
ids  with  their  husbands  were  kept  busy  with 
field  trips  on  Monday  and  Tuesday  afternoons. 
On  Monday  they  visited  the  Grand  Rapids  Fur¬ 
niture  Museum  and  on  Tuesday  inspected  the 
show  rooms  of  the  John  Widdicomb  Co.,  the 
Widdicomb  Furniture  Co.,  and  the  Baker  Fur¬ 
niture  Co.  in  the  Exhibitors  Buildings,  which 
are  located  directly  across  the  street  from  the 
Civic  Auditorium  and  the  Pantlind  Hotel.  On 
Tuesday  they  had  the  additional  benefit  of  be¬ 
ing  accompanied  by  an  interior  decorator  on 
their  tour. 

Section  Representatives  Meeting 

On  Tuesday  afternoon,  representatives  of  all 
local  sections  met  together  for  the  first  time 
to  discuss  problems  common  to  all  sections. 
Chairman  of  this  meeting  was  John  Sweeney, 
Chairman  of  the  Midwest  Section;  the  Secre¬ 
tary  was  Don  Walters,  Secretary  of  the  Inland 
Empire  Section.  In  addition  to  exchanging 
opinions  and  experiences  concerning  the  oper¬ 
ation  of  local  sections,  these  representatives 
drew  up  a  number  of  recommendations  to  be 
submitted  to  the  Executive  Board  for  possible 
action  on  matters  of  particular  interest  to  the 
sections.  It  is  planned  to  continue  these  meet- 
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ings  as  a  regular  part  of  future  national 
meetings. 

Tuesday  Evening  Dinner 

An  informal  dinner  was  held  on  Tuesday 
evening  in  the  Continental  Room  of  the  Pant- 
lind  Hotel  for  the  men  responsible  for  the 
operation  of  the  Society  and  the  handling  of 
the  Grand  Rapids  meeting.  The  National  Offi¬ 
cers,  section  representatives,  and  Committee 
Members  attended  this  aflFair,  which  was  pre¬ 
ceded  by  a  short  cocktail  hour.  President  Gar- 
ratt  spoke  to  the  group  briefly  and  thanked 
them  all  for  their  cooperation  and  hard  work 
in  making  the  meeting  a  success.  The  gather¬ 
ing  was  also  addressed  by  Jac.  H.  Tigelaar, 
generaljchairman  of  the  1949  Annual  Meeting. 

The  Wood  Award 

Presentation  of  the  Wood  Award  was  made 
by  Herbert  A.  Vance,  Publisher  of  Wood  Mag¬ 
azine  and  President  of  Vance  Publishing  Cor¬ 
poration,  Chicago,  Illinois,  during  Technical 
Session — Y  on  Wednesday  morning.  May  4. 


This  $500  award,  which  is  oflFered  for  the  most 
outstanding  paper  on  forest  products  research 
submitted  for  competition  by  a  student  cur¬ 
rently  enrolled  in  any  university  or  college, 
was  won  by  John  L.  Hill  of  the  Yale  School  of 
Forestry.  This  paper  is  reproduced  in  this  Pro¬ 
ceedings  in  Technical  Session — Y.  Second  place 
in  this  competition  was  won  by  Ben  S.  Bryant, 
of  the  University  of  Washington  and  third 
place  by  John  A.  Rowe,  Jr.,  of  the  University 
of  Idaho. 

Presentation  of  Papers 

The  general  formula  for  the  presentation  of 
technical  papers  called  for  each  author  to  con¬ 
dense  his  remarks  to  a  ten-minute  summary  of 
his  subject.  This  was  then  followed  by  a  dis- 
aission  period  with  comments  from  the  floor. 
Preprints  of  as  many  papers  as  possible  were 
made  available  to  all  who  registered  for  the 
technical  sessions.  The  complete  papers,  as 
published  first  in  preprint  form,  are  printed 
in  this  Proceedings.  Immediately  following 
each  paper  is  given  the  discussion  relating  to 
it  and  the  author’s  answer. 
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TECHNICAL  SESSION  I 


Monday,  May  2,  1949,  9:00  A.  M. 


General  Subject:  Raw  Material  and  Its  Preparation 


V 


Chairman:  James  F.  Hamilton,  Technical  Service  Director,  Perkins  Glue 
Company,  Lansdale,  Pennsylvania  (Second  Vice-President,  FPRS) 


Recorder:  Robert  W.  Wellwood,  Associate  Professor,  Department  of  For¬ 
estry,  University  of  British  Columbia,  Vancouver,  B.  C.,  Canada  (Trus¬ 
tee,  Pacific  Northwest  Section,  FPRS ) 
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More  Wood  Per  Acre 

W.  D.  Hagenstein 

Forest  Engineer,  West  Coast  Lumbermen’s  Association  and  Pacific  Northwest  Loggers 
Association,  Portland,  Oregon 

Remarkable  progress  in  forest  management  has  been  made  on  the  3,008,638  acres  of  tree  farms  in  the 
Dou^as  fir  region  since  the  initiation  of  the  tree  farm  program  in  1941.  By  making  intensive  inventories, 
devdoping  new  markets,  and  aiding  in  the  banning  of  operations  that  may  include  thinning,  prelogging, 
relogging,  and  salvage  lodging,  foresters  employed  by  tree  farms  have  contnbtued  greatly  toward  improved 
utilization,  greater  production,  and  better  forest  management.  Case  histories  of  12  company  operatioiu  on  tree 
farms  indicate  the  extent  of  the  improvement  in  utilization  and  forest  management  that  has  been  achieved. 


Introduction 

HE  26-niillion-acre  commercial  forest  belt 
lying  between  the  Cascade  Mountains  and 
the  Pacific  Ocean  from  the  international 
boundary  south  to  the  Oregon-California  line  , 
is  termed  in  all  forestry  literature  as  the  Doug¬ 
las  fir  region.  About  a  quarter  of  the  total  raw 
material  of  the  wood-using  industries  of  the 
United  States  comes  from  this  region  each  year. 
Forest  management  can  provide  this  quantity 
forever.  West  Coast  tree  farms  are  giving  im¬ 
petus  to  such  forest  management  on  private 
lands. 

Half  the  commercial  forest  lands  of  the 
region  are  privately  owned.  The  balance  is 
publicly  owned  and  managed  by  agencies  at 
every  level  of  government.  This  paper  is  con¬ 
fined  to  forest  management  as  it  affects  forest 
utilization  on  the  tax-paying  half. 

The  Tree  Farm  Program 

In  1941  the  forest  products  industries  of  the 
Douglas  fir  region,  acting  through  the  Joint 
Committee  on  Forest  Conservation,  West  Coast 
Lumbermen’s  Association,  and  Pacific  North¬ 
west  Loggers  Association  established  the  tree 
farm  program  by  certifying  a  property  in 
Western  Washington  of  about  120,000  acres 
as  the  first  tree  farm  in  the  United  States.  The 
origin,  expansion,  objectives,  and  methods  of 
the  tree  farm  movement  are  well  described  by 
Tilley  (4). 

After  8  years,  tree  farm  management  has 
been  extended  to  3,014,141  acres  of  privately 
owned  lands  in  the  Douglas  fir  region.  Of  this 
total,  5,503  acres  consists  of  38  farm-owned 
properties.  The  balance  of  3,008,638  acres  com¬ 
prising  51  properties  averaging  58.973  acres  is 


owned  by  28  companies.  This  latter  acreage  is 
27  percent  of  the  non-farm  ownership  of  the 
region.  The  industrial  properties  are  owned 
and  operated  by  an  interesting  variety  of  com¬ 
panies  as  set  forth  in  Table  1. 

Table  1. — Ownership  of  Industrial  Tree  Farms 
IN  Douglas  Fir  Region  by  Type  of  Company^ 

Number  of  Number  of 
Type  of  Ownership  Companies  Properties 


Lumber  Companies _ 

15 

19 

Pulp  and  Paper  Companies _ 

2 

12 

Integrated  Companies _ 

5 

14 

Logging  Companies _ 

2 

2 

Non-Operating  Companies _ 

4 

4 

Total _ 

28 

51 

1  Type  of  ownership  in  this  table  refers  to  the  wood  use 
of  the  tree  farm  owner,  e.g.,  a  lumber  company  utilizes  its 
timber  for  the  manufacture  of  lumber  and  lumber  products 
exclusively.  An  integrated  company  utilizes  its  timber  for 
more  than  one  product,  e.g.,  plywood  and  lumber.  The 
non-operating  companies  consist  of  railroad  and  timber 
holding  companies,  but  the  tree  farms  of  all  those  listed 
are  being  operated  by  others  under  various  contract 
arrangements. 

It  is  interesting  to  note  that  six  of  the  tree 
farms  listed  in  Table  1  are  cooperative  ven¬ 
tures  between  two  or  more  owners.  Another  in¬ 
teresting  development  is  a  cooperative  forest 
management  organization  serving  properties  of 
six  of  these  companies.- 

West  Coast  tree  farm  foresters,  while  mak¬ 
ing  the  usual  forest  inventories,  have  also 
recorded  carefully  and  completely  kinds,  vol¬ 
ume,  and  location  of  raw  material,  both  in 
standing  trees  and  logging  slash,  not  normally 
tallied  in  commercial  timber  cruises.  It  is  on 
these  raw  material  data  and  their  application 
that  the  writer  wishes  to  report  particularly, 

Vinnedge  (fi)  and  Hodgson  (2)  have  shown 
the  sizeable  volume  of  wood  left  on  the  ground 
following  logging  in  the  Douglas  fir  region. 
Kirkland  (3)  has  estimated  the  raw  material 
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possibilities  from  thinnings.  The  writer  (1) 
has  previously  reported  one  outstanding  exam¬ 
ple  of  complete  utilization  stimulated  by  a  de¬ 
tailed  forest  inventory. 

For  the  last  8  years,  forest  inventories  on 
West  Coast  tree  farms  have  determined  the 
usable  volumes  of  wood  obtainable  through 
some  type  of  salvage  logging,^  whether  it  be 
relogging,  prelogging,  or  thinning.  In  this 
way  valuable  business  information  is  furnished 
to  wood  users  who  have  plants  requiring  a  con¬ 
tinuing  and  steady  supply  of  wood. 

Case  Histories 

To  illustrate  the  kind  of  information  gath¬ 
ered  by  forest  inventories  and  what  can  be 
done  with  it  to  improve  utilization  in  the 
woods,  a  number  of  case  histories  from  West 
Coast  tree  farms  are  presented. 

An  intensive  forest  inventory  was  begun  by 
Company  A  in  1946  and  completed  a  year 
later.  The  annual  cut  had  been  drastically  re¬ 
duced  in  1945  because  it  was  suspected  that 
the  property  was  being  overcut.  This  was 
borne  out  by  the  detailed  inventory,  which 
showed  an  imbalance  of  young  and  middle  age 
classes  in  relation  to  the  acreage  of  mature 
timber. 

Considerable  volume  of  reloggable  salvage 
was  revealed  by  an  earlier  inventory  on  cut¬ 
over  lands.  On  a  property  of  approximately  a 
township  in  size  salvage  has  averaged  about 
2,000  board  feet  log  scale  per  acre  each  year 
since  1942.  It  is  estimated  that  another  8  mil¬ 
lion  board  feet  log  scale  will  be  salvaged  be¬ 
fore  such  possibilities  are  exhausted.  This  ma¬ 
terial  is  helping  make  up  the  deficit  caused  by 
curtailment  of  the  annual  cut  of  mature  timber. 

Company  B  completed  its  forest  inventory 
in  1943.  Relogging  was  instituted  thereafter 
to  salvage  material  that  had  been  left  behind 
as  being  unmerchantable.  The  inventory  showed 
a  large  number  of  submarginal  logs,  which 
could  not  be  profitably  handled  by  the  com¬ 
pany’s  main  operation  but  could  be  converted 
into  lumber  in  the  woods  with  a  portable  saw¬ 
mill  cutting  15  to  20  thousand  board  feet  per 

^For  good  definitions  and  description  of  types  of 
salvage  logging  see  Grantham,  J.  B.  "Salvage  Opera¬ 
tions  in  the  Douglas-Fir  Region;  Their  Present  and 
Futiue.”  Oregon  Forest  Products  Laboratory,  Infor¬ 
mational  Circ.  No.  1.  23  pp.,  illus.  1947. 


day.  This  has  changed  the  logging  methods  of 
the  company  so  that  marginality  of  logs  in 
each  setting  is  determined  in  advance  and  the 
logging  conducted  accordingly.  'This  means 
much  more  complete  utilization  than  was  pos¬ 
sible  vmder  previous  methods. 

This  company  is  also  obtaining  a  sizeable 
quantity  of  small  products  from  thinnings  in 
young  Douglas  fir  stands.  Smelter  poles,  utility, 
poles,  and  pulpwood  are  yielded  by  such  thin¬ 
nings  and  everything  is  taken  to  a  3-inch  top 
diameter.  'The  proximity  of  this  tree  farm  to 
an  outlet  for  small  products  makes  this  pos¬ 
sible.  Other  companies  with  similar  stands  un¬ 
favorably  situated  cannot  do  this  at  present. 

The  several  tree  farms  owned  by  Gimpany  C 
were  first  inventoried  in  1940  to  determine  the 
kinds  and  quantities  of  salvage  wood  obtain¬ 
able.  'The  survey  was  repeated  in  1945.  The 
result  of  these  studies  was  closer  utilization  in 
subsequent  primary  logging  and  increased  total 
volume  per  acre  through  salvage  logging.  On 
one  of  these  operations  2  million  board  feet  log 
scale  was  derived  from  prelogging  alone  in 
1948.  'This  operation  employs  a  full-time  for¬ 
ester  who  does  nothing  but  check  completeness 
of  utilization  on  each  logging  setting. 

.  Prelogging  of  small  trees  in  old-growth  tim¬ 
ber  occurred  at  another  operation  of  Company 
C  in  1948  and  yielded  6  million  board  feet  log 
scale.  At  another  tree  farm  no  primary  log¬ 
ging  has  occurred  for  some  years,  but  relog¬ 
ging  is  progressing  continuously  because  the 
forest  inventory  disclosed  a  large  number  of 
merchantable  values  including  old  spar  trees, 
snags,  windfalls,  and  other  leftovers. 

Company  D,  which  has  its  tree  farm  under 
contract  to  an  operating  concern,  has  found 
much  marketable  material  on  lands  harvested 
during  the  past  6  or  7  years.  The  products 
obtained  include  peeler  blocks,  sawlogs,  shingle 
bolts,  fence  posts,  and  pulpwood.  The  inven¬ 
tories  revealed  so  many  raw  material  values 
that  postponement  of  slash  disposal  by  the 
principal  contractor  has  been  requested  until 
salvage  has  been  completed. 

This  company  has  experienced  excessive 
windthrow  in  some  of  its  seed  reservations. 
Salvage  logging  has  therefore  become  standard 
procedure  in  reclaiming  such  windthrow.  The 
most  encouraging  fact  noted  in  this  experience 
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has  been  that  enough  material  can  be  salvaged 
from  cut-over  areas  and  seed  source  reservations 
by  relogging,  and  by  prelogging  in  old-growth 
stands,  to  pay  all  the  forestry  costs.  Therefore, 
the  company  is  planning  salvage  and  reserva¬ 
tion  from  cutting  until  mature  of  all  its  second- 
growth  stands,  which  previously  were  subject 
to  sale  at  any  time.  This  proves  the  business 
value  of  the  tree  farm  program. 

Company  E  has  completed  intensive  exami¬ 
nation  of  95  percent  of  its  holdings  and  has 
located  substantial  salvage  possibilities.  Its  for¬ 
estry  department  has  made  specific  recommenda¬ 
tions  regarding  the  harvesting  of  this  material. 
After  the  inventory  was  partially  completed, 
markets  were  developed  for  small  products, 
such  as  shingle  bolts,?  fence  posts,  and  hop 
poles.  A  number  of  contractors  have  been  en- 
ga|ed  since  in  reclaiming  this  material  which 
was  passed  over  in  the  primary  logging  as  be¬ 
ing  urunerchantable.  In  the  last  fiscal  year  32 
salvage  sales  were  conducted  on  the  property, 
which  produced  in  excess  of  5  million  board 
feet  log  scale. 

The  company’s  inventory  showed  Christmas 
tree  possibilities  on  some  of  its  densely  stocked 
low-quality  timber  producing  lands  and  27,000 
Christmas  trees  were  cut  and  sold  from  these 
lands  in  1948. 

From  a  business  standpoint  this  property  of 
more  than  two  townships  in  size  has  operated 
its  forestry  department  of  five  men,  paid  the 
property  taxes,  fire  protection  and  all  other  for¬ 
estry  expenses  for  the  last  2  years  and  has 
shown  a  revenue  in  excess  of  expense.  This 
was  done  by  utilizing  the  additional  raw  mate¬ 
rial  revealed  by  the  tree  farm  inventory  with¬ 
out  unduly  disturbing  the  growing  stock,  which 
is  the  future  raw  material  supply  of  the 
company. 

Company  F,  whose  plant  is  very  close  to  its 
tree  farm  of  a  few  thousand  acres,  studied  its 
situation  after  completing  its  forest  inventory. 
It  decided  several  years  ago  that  close  utiliza¬ 
tion  could  be  gained  by  keeping  its  clearcut 
logging  settings  80  acres  or  less  in  extent  and 
then  falling  every  tree  and  snag.  Utilization  is 
very  complete  and  everything  down  to  8  inches 
in  diameter  and  8  feet  in  length  is  taken.  Very 
defective  timber,  which  under  crxnmercial  log 
grading  rules  would  be  culled,  is  hauled  to  the 
mill  to  reclaim  the  few  pieces  of  lumber  in  it. 


If  this  company’s  timber  were  located  twice  as 
far  away,  the  good  utilization  now  attained 
would  be  impossible.  Because  of  close  utiliza¬ 
tion  with  one-phase  logging,  this  company  has 
had  no  need  to  resort  to  relogging  or  other 
type  of  salvage  operation. 

A  tree  farm  recently  organized  by  Company  G 
began  prelogging  Western  red  cedar  poles  in 
its  old-growth  stands  in  advance  of  primary 
logging.  Prelogging  of  Douglas  fir  piling  in 
stands  that  contain  this  product  is  also  planned. 
'The  forest  inventory  showed  that  a  substantial 
volume  of  usable  windfalls  was  being  carried 
down  a  stream.  They  are  now  being  salvaged 
as  a  special  operation.  Be’cause  of  appreciable 
defect,  the  forest  inventory  of  the  tree  farm 
included  a  very  intensive  quality  cruise,  so  that 
advantage  might  be  taken  of  market  conditions 
by  going  into  the  low-grade  stands  when  the 
market  will  absorb  commodities  produced 
therefrom. 

Company  H  has  recently  completed  its  forest 
inventory  and  as  a  result  has  lowered  its  mini¬ 
mum  log  specifications  to  an  8-inch  top  diam¬ 
eter,  12  feet  long.  Logs  are  being  taken  that 
have  a  net  scale  of  25  percent  if  the  scale  is 
75  percent  clear  or  35  percent  net  scale  if  there 
is  50  percent  clear.  A  survey  made  in  1948  on 
recent  cut-overs  showed  that  8  to  10  thousand 
board  feet  log  scale  more  per  acre  is  being 
recovered  over  logging  of  a  year  previous. 
Sampling  showed  that  only  two  percent  of  the 
net  merchantable  volume  per  acre,  or  1.6  thou¬ 
sand  board  feet  log  scale  was  left  after  log¬ 
ging  in  1948.  The  company  has  been  convinced 
of  the  practicability  of  returning  to  previously 
logged  areas  to  reclaim  the  sound  and  mer¬ 
chantable  portions  of  standing  defective  trees 
and  of  operating  in  small  areas  of  forest  previ¬ 
ously  left  because  of  topographic  inaccessibility. 

Company  I  is  no  longer  operating.  However, 
it  has  maintained  a  substantial  forest  property 
and  is  managing  it  as  a  tree  farm.  'This  forest 
was  examined  in  1947  for  the  first  time  and 
has  been  producing  high  quality  old-grpwth 
Douglas  fir  logs  exclusively  from  windfalls  and 
snags  ever  since. 

'This  company’s  inventory  includes  very  de¬ 
tailed  notes  on  all  possible  utilization.  Even 
though  its  property  is  situated  in  a  region 
where  there  is  very  little  hardwood,  immature 
red  alder  and  bigleaf  maple  are  noted  on  each 
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tally  sheet  so  that  when  these  products  become 
merchantable  they  will  be  removed.  This  ex¬ 
emplifies  the  type  of  utilization  survey  the  com¬ 
pany  is  making.  Its  inventory  is  so  complete 
that  at  any  future  time  it  can  give  a  reliable 
estimate  as  to  the  size  and  quantity  of  different 
kinds  of  raw  material  it  will  have  available  for 
marketing. 

Several  tree  farms  are  owned  and  operated 
by  Company  J.  Short  logs  down  to  5  inches 
in  diameter  of  both  Douglas  fir  and  pulp  spe¬ 
cies  have  been  removed  from  its  forests  for  the 
last  several  years.  Because  of  its  very  intensive 
forest  inventories,  this  company  has  been  get¬ 
ting  excellent  utilization  from  its  old-growth 
timber  and  has  been  reclaiming  important  vol¬ 
umes  from  relogging.  Thinnings  have  been 
started  in  the  past  three  years,  but  are  still 
somewhat  experimental.  On  one  tree  farm 
6,000  acres  have  been  relogged  since  1946. 
Surveys  show  that  its  clear-cutting  operations  in 
old-growth  timber  are  now  resulting  in  about 
93  percent  utilization  of  all  merchantable 
wood. 

On  another  property  this  concern  has  re¬ 
logged  about  3,500  acres  and  has  a  number  of 
demonstration  thinning  areas.  These  experi¬ 
ments  have  set  the  stage  and  helped  develop 
methods  for  the  time  when  the  company  will 
make  thinnings  year  after  year  on  this  prop¬ 
erty,  On  another  tree  farm  the  company  has 
been  logging  insect-killed  timber  since  1944, 
and  the  utilization  has  been  so  complete  that 
the  slash  has  been  released  without  burning  by 
the  state  forestry  department. 

Company  K,  an  integrated  wood  converter, 
has  been  logging  for  two  years  down  to  a  top 
diameter  of  6  inches,  in  lengths  as  short  as  8 
feet.  Relogging  possibilities  were  clearly  shown 
in  the  company’s  forest  inventory  and  this  prac¬ 
tice  has  been  aggressively  followed  since  1945. 
Thinning  has  not  been  attempted  as  yet,  but 
the  inventories  show  the  location  and  extent 
of  the  possibilities. 

'The  physical  timber  and  land  inventory  of 
Company  L  was  completed  in  1948.  Its  for¬ 
ester  states  in  his  report  that  the  inventory  has 
made  it  possible  to  formulate  a  sound  forest 
management  plan  based  on  full  crop  utiliza¬ 
tion.  This  company  recovered  1  million  board 
feet  log  scale  through  relogging  in  1948  on  an 
■  area  that  had  previously  been  considered  un¬ 


merchantable.  At  another  location  a  contract 
relogger  followed  the  company’s  operation  of 
a  year  previous.  Production  during  1948  of  the 
contractor  was  over  4  million  board  feet  log 
scale,  or  26  percent  of  the  total  log  input 
from  the  company’s  operation.  The  striking 
thing  here  is  that  the  forest  inventory  showed 
for  the  first  time  the  salvage  opportunities. 
Using  these  data,  the  company  at  once  under¬ 
took  operations  to  reclaim  this  raw  material. 
The  implication  of  all  this  to  the  extension  of 
the  old-growth  timber  supply  while  building 
up  the  balance  of  age  classes  necessary  for  sus¬ 
tained  yield  forest  management  is  highly  sig¬ 
nificant. 

This  company  also  has  learned  that  consid¬ 
erable  windfall  occurs  in  seed  areas  and  is  now 
attempting  to  prelog  them  to  remove  trees  not 
deemed  wind  firm.  This  appears  to  be  a  new 
practice  which  has  not  been  previously  reported 
in  the  literature.  It  will  undoubtedly  become 
widespread  as  a  result  of  the  objective  reserva¬ 
tion  of  seed  sources  for  natural  reforestation 
on  tree  farms. 

Summary 

The  case  histories  of  forest  utilization  sterh- 
ming  from  the  opportvmities  for  it  as  discovered 
by  forest  inventories  made  on  tree  farms  show 
the  importance  of  forest  management  to  the 
wood-using  industries. 

Forest  management,  in  most  regions,  must 
first  overcome  the  fire  problem,  after  which,  the 
next  logical  steps  are  the  adoption  of  cutting 
practices  designed  to  obtain  natural  restocking, 
surveys  to  determine  any  ‘need  for  artificial 
reforestation,  and  a  complete  inventory  of  the 
growing  stock  including  age,  species,  grade  and 
volume.  'The  latter  renders  real  forestry  service 
when  it  points  out  the  opportunities  for  more 
raw  material  from  the  same  property — raw 
material  which,  in  most  cases,  does  not  consti¬ 
tute  an  additional  draft  on  the  standing  timber 
account.  Until  the  advent  of  the  tree  farm  pro¬ 
gram,  practically  no  forest  property  in  the 
Douglas  fir  region  had  ever  had  an  intensive 
inventory  of  its  resources.  On  the  more  than 
3  million  acres  of  industrially  owned  tree 
farms,  three-quarters  has  been  inventoried  to 
the  present.  What  has  been  done  with  these 
inventories  in  getting  more  wood  per  acre  by 
reclaiming  raw  material  once  thought  unmer¬ 
chantable,  or  even  non-existent,  and  effectively 
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extending  the  forest  resources  of  the  region 
thereby,  clearly  demonstrates  the  forestry  value 
of  West  G)ast  tree  farms. 
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Discussion 

O.  Harry  Schrader,  Jr.  (University  of  Wash¬ 
ington)  ;  Since  the  close  of  the  recent  war, 
private  timber  owners  and  operators  have  real¬ 
ized  the  absolute  necessity  of  making  the  most 
ccxnplete  utilization  possible  of  forest  raw  ma¬ 
terial.  In  this  papfer,  Mr.  Hagenstein  has  em¬ 
phasized  the  necessity  for  inventory  studies 
and  proper  management  policies  as  a  prerequi¬ 
site  in  attaining  this  goal. 

Once  the  inventory  has  been  completed,  the 
next  step  involves  planning  for  integrated  utili¬ 
zation  of  the  available  material  and  a  cutting 
plan  to  insure  perpetual  operation.  Many  fac¬ 
tors  will  influence  both  the  degree  of  integra¬ 
tion  and  utilization  that  can  be  realized.  The 
proximity  of  established  wood-using  industries, 
current  market  conditions,  species  and  size  of 
timber,  area  to  be  managed  and  topography  all 
play  an  important  part  in  determining  the  most 
practical  and  profitable  methods  to  be  followed. 
The  "tree  farm  movement”,  now  8  years  of 
age,  can  be  credited  as  a  catalyst  for  better 
utilization  and  timber  management.  The  case 


histories  of  a  number  of  tree  farms  as  cited  in 
Mr.  Hagenstein’s  paper  should  serve  to  encour¬ 
age  all  private  timber  holders  to  pursue  scien¬ 
tific  forest  management.  'These  successful  tree 
farms  may  be  regarded  as  pilot  models,  and  the 
experience  gained  in  their  management  will 
point  the  way  to  a  more  intensive  practice  of 
forestry  in  all  of  its  phases. 

Further  extension  of  the  available  wood 
supply  obtained  from  forested  lands,  resulting 
in  still  more  wood  per  acre,  may  be  accom¬ 
plished  by  integrated  wood-using  industries. 
This  would  assure  that  leftovers  from  sawmill 
and  plywood  operations,  for  example,  would 
become  raw  material  for  pulp  mills,  hardboard 
manufacture,  other  bulk  fiber  use,  or  cut-up 
plants.  Progress  in  the  wood  converting  indus¬ 
tries  in  making  better  use  of  the  raw  material 
must  accompany  progress  in  timber  manage¬ 
ment  and  harvesting. 

Norman  F.  Smith  (Michigan  Department  of 
Conservation) :  I  would  like  to  correct  the  im¬ 
pression  which  might  be  left  by  this  paper  that 
the  tree  farm  system  is  ccmfined  to  the  North¬ 
west.  While  it  did  start  in  that  region,  it  has 
now  spread  to  all  parts  of  the  country.  A  year 
ago  Michigan  became  the  twenty-second  state 
to  adopt  the  tree  farm  system. 

R.  W.  Wellwood  (University  of  British  Co¬ 
lumbia)  :  The  speaker,  in  summing  up  his  talk, 
states  that  forest  management  must  first  over¬ 
come  the  fire  problem.  In  the  case  histories 
discussed  it  was  noted  that  in  most,  if  not  all, 
instances,  the  fire  hazard  was  appreciably  re¬ 
duced  because  of  the  removal  of  so  much  in¬ 
flammable  material,  previously  left  on  the 
ground. 

In  addition,  the  fire  hazard  from  humati 
sources  is  also  reduced.  The  psychological 
effect  the  word  "tree  farm”  has  on  the  resi¬ 
dents  of  adjacent  areas  and  workers  in  these 
forest  areas,  who  can  cause  fires  from  careless¬ 
ness  and  lack  of  cooperation,  cannot  be  meas¬ 
ured  statistically,  but  is  nevertheless  very. real. 

The  speaker  states  that  the  next  logical  step 
is  "the  adoptirm  of  cutting  practices  designed 
to  obtain  natural  restocking.”  A  result  of  the 
type  of  logging  described  is  a  seed  bed  left  in 
excellent  condition  for  natural  restocking. 

Tree  farms  have  influenced  not  only  tech¬ 
nical  forestry  but  also  the  forest  industries. 
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Specialized  equipment  is  needed  in  many  in¬ 
stances  for  the  harvesting  of  small  material  in 
what  is  predominantly  a  large-timher  stand. 
Industries  using  such  material  frequently  must 
adapt  present  equipment  to  handle  it  or  devise 
new  equipment.  On  the  other  hand  certain ' 
specialized  industries  can  obtain  the  type  of  raw 
material  they  prefer  without  competing  in  an 
open  market  with  all  other  industries.  For  in¬ 
stance,  a  mill  cutting  barrel  staves  can  obtain 
suitable  stock  from  relogging  operaticms  where 
snags  and  windfalls  are  being  removed.  They 
are  able  to  contract  for  wily  the  type  of  wood 
they  want  without  having  to  buy  logs,  sort  out 
the  ones  they  can  use,  and  sell  the  remainder. 
Shingle  bolts  can  be  obtained  in  the  same  way. 

The  benefits  of  close  utilization  as  practiced 
on  the  West  Coast  tree  farms  has  certainly  justi¬ 
fied  their  existence  and  their  further  develop¬ 
ment. 

C.  D.  Turley  (Illinois  Central  Railroad) : 
The  railroads  are  extensive  users  of  forest  prod¬ 
ucts  and  since  the  timber  supply  is  steadily 
being  diminished  in  this  country,  naturally  the 
railroads  are  much  interested  in  Mr.  Hagen- 
stein's  paper  "More  Wood  per  Acre.” 

The  solution  is  reforestation,  proper  forest 
management,  and  selective  cutting.  Tree  farms 
are  certainly  a  move  in  the  right  direction. 

Emanuel  Fritz  (University  of  California) : 
In  spite  of  predictions  of  its  doom  and  charges 
of  insecurity  by  anti-industry  minded  critics, 
the  "Tree  Farm”  movement  continues  to  grow 
and  prosper.  It  started  in  the  State  of  Wash¬ 
ington  in  1941  and  spread  rapidly  to  the  At¬ 
lantic  seaboard.  Belatedly  it  is  receiving  at  least 
grudging  notice  by  its  detractors.  It  is  safe  to 
say  that  the  tree  farms  are  well  on  their  way 
toward  offering  the  best  examples  of  large- 
scale  forest  practices  in  the  United  States. 
Equally  significant  is  the  large  number  of 
trained  men  employed  by  tree  farm  owners  to 
manage  their  reforesting  lands.  The  effect  of 
applying  the  intense  interest,  inugination,  and 
industry  of  these  active  young  foresters  is  cer¬ 
tain  to  be  a  "snow-balling”  of  the  tree  farm 
movement  to  even  greater  proportions  and 
toward  professional  and  operating  standards 
that  will  eventually  win  public  acclaim. 

The  setting  up  of  tree  farms  has  been  accom¬ 
panied  by  unexpected  benefits.  Mr.  Hagen- 
stein  mentions  in  his  paper  how  salvageable 


material  was  uncovered.  Indirectly  this  discov¬ 
ery  automatically  calls  the  attention  of  the  oper¬ 
ating  owner  to  the  fact  that  while  he  was  in¬ 
terested  only  in  large  sawlogs  in  the  ^st  he 
overlooked  the  utilization  of  smaller  logs  and 
chunks  for  other  purposes.  Now  he  is  learning 
that  trees  do  grow;  that  their  annual  per-acre 
growth  is  considerable;  that  trees  lost  in  the 
process  of  natural  mortality  in  unmanaged 
stands  can  be  harvested  before  their  demise 
for  various  profitable  purposes,  and  that  an 
acre  of  young  growing  timberland  is  an  ever 
appreciating  asset. 

So  now  we  see  old-line  lumber  companies, 
once  reviled  as  destroyers,  interested  in  grow¬ 
ing  and  utilizing  anything  from  Christmas 
trees  to  veneer  bolts.  What  they  are  doing  to¬ 
day  could  not  have  been  done  in  the  past.  Eco¬ 
nomic  laws  are  inexorable.  When  it  can  be 
demonstrated  that  it  pays  to  grow  a  forest, 
somebody  will  grow  it. 

About  35  years  ago  one  of  my  engineering 
professors  warned  me  of  the  risk  in  going  into 
lumbering.  Said  he,  "Wood  is  obsolete.  You 
had  better  stay  with  the  metals.”  Nothing  is 
farther  from  the  fact.  Perhaps  wood  as  lumber 
will  be  used  less  than  in  the  past,  but  it  will 
never  be  obsolete.  Furthermore,  vegetable  fiber 
— a  tree  is  merely  a  big  vegetable — is  a  basic 
raw  material  and  it  can  be  grown  as  a  crop. 
Its  secrets  are  not  yet  all  known  but  already 
wood  fiber  is  being  converted  into  a  wide  vari¬ 
ety  of  products  that  have  no  resemblance  to 
lumber.  More  are  certain  to  come.  With  greater 
acreages  of  timberland  steadily  being  put  un¬ 
der  tree  farm  management  an  ultimately  ade¬ 
quate  supply  of  this  basic  raw  wood  fiber  is 
assured.  The  age  of  wood  is  not  past;  it  is 
merely  changing.  In  changing  it  will  demand 
all  the  skill  the  scientist  and  technician  can 
muster,  because  the  forest  products  industries 
are  no  longer  only  the  simple  saw  and  shingle 
mills  but  pulp  plants,  hardboard  plants,  chem¬ 
ical  plants,  precision  manufacturing  plants,  ply¬ 
wood  plants  and  others. 

E.  G.  Wiesehuegel  (TVA  Division  of  For¬ 
est  Relations)  :  Mr.  Hagenstein  has  presented 
a  most  interesting  discussion  of  the  effective¬ 
ness  of  the  tree  farm  movement  on  utilization 
in  the  Douglas  fir  region.  In  the  South,  as  of 
the  end  of  1948,  we  had  1,251  tree  farms  with 
10,827,897  acres,  and  the  program  is  moving 
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forward  very  rapidly.  We  have  no  tree  farms 
like  the  half-million-acre  tree  farm  of  the 
Weyerhaeuser  Timber  Company  in  Washing¬ 
ton;  many  of  those  in  this  area  are  small,  rang¬ 
ing  from  15  or  20  acres  upward,  with  most 
of  them  a  few  hundred  acres  in  size.  The  prob¬ 
lems  involved  in  operating  a  tree  farm  in  the 
South  are  quite  diflFerent  from  those  in  the 
West. 

I  believe  it  might  be  wise  for  us  to  speculate 
for  a  moment  concerning  the  reasons  why  this 
movement  is  proving  so  popular.  I  know  that 
some  believe  it  is  a  propaganda  antidote  for  the 
possibility  of  Federal  regulation  which  always 
seems  to  be  impending.  I  do  not  think  this  is 
true,  since  the  tree  farm  idea  is  simply  a  recog¬ 
nition  of  good  practices  followed  in  the  past, 
and  the  promise  that  such  practices  will  be  fol¬ 
lowed  in  the  future.  It  sets  off  those  who  are 
following  practices  which  are  generally  in  the 
public  interest,  and  it  is  getting  results  from 
its  psychological  effect  on  other  forest  land- 
owners  through  the  examples  and  demonstra¬ 
tions  afforded  by  the  publicized  tree  farms.  It 
is  a  measure  of  the  success  of  past  forestry  pro¬ 
grams  conducted  by  state  and  federal  agencies. 

The  individuals  and  corporations  who  are 
joining  this  movement  are  holding  up  their 
right  hands  and  saying,  "I  have  some  land  on 
which  I  am  growing  timber.  I  think  it  will  be 
profitable.  I  believe  it  can  be  done  without 
subsidy  and  I’ll  be  glad  to  show  my  neighbors 


what  I  am  doing.”  So,  in  effect,  we  are  having 
a  general  show  of  hands  for  forestry,  and  sound 
cutting  and  utilization  practices.  The  important 
thing  is  that  this  has  come  about  by  a  process 
of  education,  which  results  in  a  voluntary  de¬ 
cision  on  the  part  of  each  landowner  and  oper¬ 
ator.  The  fact  that  there  are  a  certain  niimber 
of  acres  now  in  tree  farms  is,  to  my  mind, 
much  less  significant  than  the  fact  that  thou¬ 
sands  of  owners  of  woodlands  are  gathering 
around  the  standard  of  good  forestry  practice, 
with  a  desire  to  be  so  recognized,  and  are  doing 
this  voluntarily  and  without  any  compulsion. 

In  the  Tennessee  Valley  area  in  seven  states, 
the  TVA  is  helping  to  promote  this  movement. 
In  keeping  with  its  policy  of  education  and 
demonstration  as  one  means  to  the  achievement 
of  sustained-yield  forestry  and  improved  utili¬ 
zation,  it  is  assisting  the  states  in  obtaining 
recognition  for  those  woodland  owners  who 
are  doing  a  good  job.  It  is  proving  to  be  a 
powerful  tool  for  encouraging  others  to  "come 
and  do  likewise.” 

Russell  Stadelman  (Nickey  Brothers,  Inc.) : 
Signifying  the  South’s  participation  in  the  "tree 
farm”  movement,  Tennessee  now  has  200  prop¬ 
erties  certified  as  official  tree  farms  since  join¬ 
ing  the  nation-wide  program  approximately 
two  years  ago.  Most  of  these  are  small  proper¬ 
ties,  since  of  12,000,000  acres  of  woodland  in 
Tennessee,  over  one-half  of  these  properties  are 
in  small  ownerships  of  40  acres  or  less.  Most 
of  these  are  hardwood  areas. 
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Raw  Material  Supply  for  Integrated  Wood 
Utilization  at  Crossett 

S.  V.  Sihvonen 

Manager,  Forestry  Division,  Crossett  Lumber  Company,  Crossett,  Arkansas 


The  possibility  of  a  sustained  yield  operation  was  recognized  at  an  early  date  by  the  owners  of  the  Crossett 
Lumber  Company.  Sound  foresty  praaice  was  the  first  step  toward  realization  of  that  goal.  This  was  followed 
by  the  construction  of  a  destructive  distillation  plant  in  1S130  to  utilize  low  grade  hardwoods  interfering  with 
the  establishment  and  growth  of  >pine.  When  it  became  apparent  that  the  studs  of  young  pine  timber  which 
replaced  the  virgin  growth  had  developed  to  the  point  where  thinnings  were  essential  to  maintain  a  suitable 
growth  rate,  a  modem  kraft  paper  mill  was  constructed  in  1937  to  use  the  thinnings  and  the  sawlog  tops  left 
after  logging.  Thus  with  utilization  assured,  it  has  become  the  job  of  the  foresters  to  mold  the  forest  into  an 
increasingly  productive  unit. 


Introduction 

AN  ATTEMPT  will  be  made  to  follow 
/A  the  development  of  the  Crossett  forest 
from  its  virgin  state  to  its  present  condi¬ 
tion  through  the  influence  of  utilization  and 
other  factors  including  management.  Since 
there  are  no  published  articles  on  this  phase  of 
Crossett’s  growth,  the  factual  data  has  been 
taken  from  our  files  and  the  interpretation  is 
based  on  the  author’s  judgment. 

The  Forest  and  Its  Development  Through 
Management  Policy  and  Utilization 

The  value  of  land  for  growing  timber  be^ 
came  a  theme  early  in  Crossett’s  history.  It  took 
courage  and  foresight  on  the  part  of  the  early 
management  and  the  owners  to  plow  back  their 
earnings  into  the  operation  when  others  were 
cutting  out  and  moving  to  new  areas.  'Their 
ambition  and  goal  has  become  a  reality  in  the 
form  of  a  sound  sustained  yield  plan  which 
holds  more  promise  than  did  the  early  virgin 
stands  because  of  the  greater  utilization  possi¬ 
bilities  that  exist  today. 

Land  acquisition  was  begun  in  the  Crossett 
area  in  1899  when  timber  was  still  considered 
by  the  settlers  as  something  to  get  rid  of  so 
that  farms  could  be  made.  When  the  company 
land  office  was  opened,  word  got  around 
among  those  wishing  to  sell  their  holding  to 
"hurry  up  and  sell  before  the  damn  fools  run 
out  of  money.”  Choice  virgin  timber  and  land 
was  sold  at  low  prices  and  often  purchased 
back  by  farmers  after  the  timber  was  severed 
and  the  slash  burned. 

The  first  sawmill  began  operation  in  Crossett 
in  1902  and  was  followed  by  a  second  mill  two 


years  later.  A  third  mill  for  the  purpose  of 
cutting  hardwood  was  added  in  1915. 

'The  early  market  conditions,  coupled  with  a 
desire  to  leave  the  land  productive,  brought 
about  the  decision  to  cut  the  timber  to  a  14- 
inch  stump  diameter  immediately  after  the  be¬ 
ginning  of  operations.  'This  was  a  fortunate 
decision  as  many  of  the  best  quality  sawlog 
trees  being  cut  today  grew  from  the  stand  that 
was  left.  Even  though  severely  burned  in  the 
early  days,  those  same  trees  provided  the  seed 
for  trees  that  have  since  developed  into  pulp- 
wood  and  sawtimber  on  the  areas  that  were  cut 
during  the  first  twenty  years  of  operation. 

'The  early  day  loggers  were  not  greatly  con¬ 
cerned  about  fire  and  it  was  common  practice 
to  burn  the  slash  as  well  as  all  of  the  woods. 
It  kept  the  brush  down  and  provided  open 
working  conditions  in  the  woods.  It  might  be 
well  to  add  at  this  point  that  much  of  the  early 
burning  was  actually  beneficial  in  areas  that 
had  no  reproduction.  Hardwood  development 
was  thereby  kept  to  a  minimum  for  later  seed¬ 
ing  in  of  pine  after  forest  protection  was  ini¬ 
tiated.  Parts  of  the  virgin  area  that  had  one 
slash  burn  and  very  little  subsequent  fire  have 
developed  into  some  of  Crossett’s  best  stands. 

After  having  made  several  trips  south  with 
his  Yale  Forest  School  classes.  Professor  H.  H. 
Chapman  in  1922  made  a  report  to  the  Cros¬ 
sett  management  on  loss  through  fire.  His 
statement  that  $4,165,000  in  fire  losses  had 
occurred  since  the  company’s  beginning 
brought  immediate  action.  A  professional  for¬ 
ester  was  hired  along  with  four  technically 
trained  men  to  assist  him.  From  that  point  on, 
fire  protection  was  advocated  and  initiated 
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along  with  the  marking  of  seed  trees  to  pro¬ 
vide  for  future  regeneration.  Land  and  timber 
purchases  had  been  made  largely  with  a  view 
toward  a  limited  run  for  the  plants,  but  in 
1923  an  acquisition  program  was  commenced 
based  on  the  plan  of  a  long  term  operation. 
That  program  has  continued  and  is  still  in 
effect. 

During  the  first  World  War  a  peak  cut  of 
80  to  100  million  board  feet  per  year  was 
reached.  A  year  after  his  appointment  as  con¬ 
sulting  forester  in  1927,  Ralph  Bryant  of  the 
Yale  Forest  School  proposed  the  first  manage¬ 
ment  plan  for  the  forest.  It  was  adopted  in 
1929  reducing  the  pine  cut  to  30  million  board 
feet  and  the  hardwood  cut  to  25  million  board 
feet.  This  resulted  in  the  abandonment  of  one 
sawmill. 

The  problem  of  contending  with  the  hard¬ 
wood  growth  on  the  forest  was  becoming  evi¬ 
dent.  Fires,  although  beneficial  in  some  in¬ 
stances,  had  repeatedly  burned  the  pine  repro¬ 
duction  on  large  areas,  converting  them  gradu¬ 
ally  into  predominantly  hardwood  stands  of 
sprout  origin.  Hardwood  sawlog  utilization  by 
early  day  standards  was  a  "creaming”  process 
which  left  a  large  portion  of  the  stand  in  un¬ 
merchantable  hardwood  trees.  As  part  of  a  far 
reaching  program  in  timber  stand  improve¬ 
ment,  the  hardwood  destructive  distillation 
plant  was  constructed  in  1930  to  utilize  trees 
with  no  future  potential  for  sawtimber. 

As  the  virgin  stands  were  diminishing  in 
area  and  volume,  it  became  apparent  that  some¬ 
thing  must  be  done  about  cutting  the  second 
growth  timber.  The  Southern  Forest  Experi¬ 
ment  Station  was  looking  for  an  area  on  which 
to  conduct  experiments  in  the  management  of 
young  stands  and  came  to  Crossett  with  their 
proposals.  In  1933  the  company  donated  1,680 
acres  of  land  to  the  Forest  Service  for  the  pur¬ 
pose  of  forest  management  research.  Coopera¬ 
tion  between  the  experimental  forest  and  com¬ 
pany  foresters  led  to  the  adoption  of  selective 
logging  on  a  portion  of  the  company  lands  in 
1934. 

When  the  last  of  the  virgin  stands  were 
logged,  the  old  railroad  logging  system  was 
abandoned.  In  1937  the  company  holdings 
were  divided  into  five  forest  districts,  to  facil¬ 
itate  selective  logging  by  trucking  equipment, 
'fhe  decision  was  economically  sound  as  rail¬ 


road  logging  was  dependent  on  the  heavy 
volumes  characteristic  of  seed  tree  cutting  in 
virgin  stands.  Contractors  replaced  company 
crews  and  that  system  is  currently  in  effect. 

Great  areas  of  young  timber  had  replaced 
the  virgin  stands.  Old  fields  and  other  young 
stands  were  reaching  the  point  where  cord- 
wood  sized  trees  were  dying  out  because  of 
crowding.  Sound  forest  management  could  not 
allow  stands  to  go  unthinned  so  it  was  decided 
that  a  kraft  paper  mill  would  be  the  solution 
for  handling  the  by-product  of  these  stands. 
Construction  of  a  paper  mill  was  started  in 
March  of  1937  and  was  completed  in  that  year. 

Ten  years  after  the  first  management  plan 
went  into  effect,  a  second  forest  survey  was 
conducted  by  Dr.  H.  H.  Chapman,  who  suc¬ 
ceeded  Ralph  Bryant  as  consulting  forester. 
The  survey  revealed  that  the  first  plan  was 
sound  and  the  forthcoming  plan  recommended 
that  the  pine  sawtimber  cut  remain  at  30  mil¬ 
lion  board  feet  through  the  next  ten  years.  It 
reduced  the  hardwood  sawtimber  cut  to  22.5 
million  board  feet  per  year  and  set  the  pulp- 
wood  cut  at  40,000  cords  annually. 

As  it  became  obvious  that  greater  intensifi¬ 
cation  of  management  was  a  necessity,  plans 
were  made  in  1945  to  subdivide  the  property 
into  ten  forest  districts.  That  program  was 
formally  completed  and  activated  in  1946  and 
1947  as  men  and  housing  became  available. 

Effects  of  Policy  and 
Management  on  the  Forest 

During  the  early  years  of  operation  the 
logging  of  the  virgin  forest  had  to  conform 
largely  with  economic  necessity.  The  markets 
were  distant  and  only  the  highest  grade  lumber 
could  be  produced  at  a  profit.  As  has  been 
stated,  this  was  a  fortunate  situation  as  a 
nucleus  of  smaller  trees  was  left  for  the  future 
forest.  Some  of  the  lighter  virgin  stands  also 
contained  patches  of  young  timber  for  which 
there  was  no  market. 

Effect  of  Fire. — Repeated  fires  kept  large 
areas  from  becoming  satisfactorily  stocked  with 
pine  and  converted  some  stands  into  sprout 
hardwoods.  Portions  of  the  cutover  land  missed 
burning  long  enough  to  reach  the  size  where 
fires  did  not  destroy  them  and  they  are  at 
present  some  of  our  better  sawtimber  areas.  On 
the  credit  side  of  fire  we  have  large  stands  of 
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pulpwood  sized  trees  which  came  in  after  burn¬ 
ing  the  slash  on  seed  tree  areas  coupled  with 
subsequent  protection  against  fire.  Intermittent 
fires  in  the  virgin  timber  made  logging  easier 
by  keeping  the  woods  open  and  ultimately  also 
served  the  purpose  of  making  reproduction 
easier  to  obtain.  We  are  currently  faced  with 
the  problem  of  hardwood  brush  control  on 
areas  that  are  ready  to  be  reproduced  a  second 
time. 

Seed  Trees  and  Fire  Control.— Oar  first 
really  effective  forest  management  started  when 
the  policy  of  leaving  seed  trees  was  definitely 
established  and  fire  control  was  tightened.  This 
statement  is  made  because  we  have  a  small  area 
of  virgin  timber  that  was  cut  selectively  and 
where  fire  was  kept  out.  We  definitely  did  not 
get  the  kind  of  pine  reproduction  that  was 
anticipated,  and  we  now  have  a  problem  area 
because  of  the  great  number  of  hardwood 
stems  that  took  over  the  land.  The  above  illus¬ 
tration  points  out  that  seed  tree  cutting  fol¬ 
lowed  by  a  fire  and  subsequent  protection  was 
an  excellent  method  of  handling  virgin  stands. 

Land  and  Timber  Purchases. — ^The  acquisi¬ 
tion  program  started  in  1923  was  a  great  factor 
in  making  possible  the  sustained  yield  cut  ad¬ 
vocated  in  1929  and  re-affirmed  in  1939.  The 
availability  of  virgin  timber  through  1936  and 
in  moderate  volume  until  1940  was  a  great  aid 
in  allowing  the  second  growth  stands  time  to 
develop  into  merchantable  sawlog  sizes. 

Condition  of  the  Forest  When 
Selective  Logging  Was  Started 

When  the  forest  was  subdivided  into  five 
districts  in- 1937,  enough  virgin  area  remained 
to  supply  approximately  one-fourth  of  the 
cut  for  a  period  of  three  years.  The  balance  of 
the  cut  was  destined  to  come  from  second 
growth  timber  which  had  grown  to' sawlog  size 
since  1902. 

Log  Size  and  Condition  of  the  Sawtimber. — 
The  log  average  in  pine  dropped  to  approxi¬ 
mately  100  feet  per  log  in  the  second  growth 
stands  as  an  effort  was  made  to  make  an  im¬ 
provement  cut  in  the  first  cutting  cycle.  Many 
of  the  trees  were  heavily  fire  scarred  and  badly 
formed  after  suppression  in  the  virgin  stand. 
Some  defect  through  heartrot  was  also  preva¬ 
lent  in  the  older  trees.  It  was  generally  agreed 
that  the  first  cut  was  to  remove  as  many  of  the 


undesirable  trees  from  the  stands  as  possible 
and  yet  hold  the  cut  to  approximately  one-third 
of  the  merchantable  volume.  A  merchantability 
standard  of  one-hundred  thousand  board  feet 
per  forty  acres  of  pine  timber  fourteen  inches 
and  over  at  d.b.h.  was  set  up  as  a  guide  for 
logging. 

Operable  Area. — Less  than  one-third  of  the 
forest  was  considered  to  be  operable  and  over 
fifty  percent  of  the  crown  space  was  occupied 
by  hardwoods.  The  best  stands  were  well  under 
ten  thousand  board  feet  per  acre  while  the 
average  operable  acre  was  less  than  half  that 
amount.  The  hardwoods  were  generally  badly 
fire  scarred  and  in  small  sizes  averaging  less 
than  five  hundred  feet  per  acre  in  the  operable 
area.  The  balance  of  the  forest  ranged  from 
pure  hardwood  stands  in  the  bottomlands  to  all 
variations  of  pine  and  hardwood  mixture.  Dur¬ 
ing  forty  years  of  railroad  operation,  tie  hackers 
had  cut  millions  of  the  best  white  and  post  oak 
trees  to  provide  the  tie  requirements  for  the 
logging  railroad.  Only  a  small  portion  of  the 
area  was  considered  as  having  satisfactory 
stands  of  pine. 

Plant  Requirements  in  Relation  to  Manage¬ 
ment  of  the  Forest 

The  primary  objective  of  forest  management 
has  been  the  growing  of  high  quality  pine  and 
hardwood  sawtimber.  All  of  the  other  mate¬ 
rials  are  being  considered  as  by-products. 

Sawmill 

Since  1929  the  sawmill  has  been  receiving 
only  the  amount  of  volume  that  the  forest 
could  sustain  and  yet  improve  the  stocking. 
The  cut  has  been  purposely  heavy  in  hardwood 
so  as  to  conserve  the  pine  volume  and  to  reduce 
the  percentage  of  hardwood  in  our  pine  stands. 

Chemical  Plant 

The  chemical  plant  has  functioned  continu¬ 
ously  since  1930  using  a  hundred  cords  of 
hardwood  per  day.  Only  inferior  grade  hard¬ 
woods  are  utilized  for  that  purpose,  cut  largely 
from  stands  in  which  they  interfere  with  pine 
growth  and  develt^ment.  No  attempt  is  being 
made  to  grow  hardwood  specifically  for  that 
purpose  as  we  have  an  indefinite  supply  of  that 
class  of  timber  on  our  lands  at  present.  The 
yearly  capacity  of  35,000  cords  enables  us  to 
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remove  low  value  hardwoods  annually  from 
some  10,000  acres  of  area  containing  pine  re¬ 
production  of  varied  size  and  density.  The 
grade  of  material  cut  in  this  operation  makes  it 
remarkably  adaptable  for  removing  the  rem¬ 
nants  of  the  old  growth  stands  and  the  areas 
which  came  up  as  sprout  hardwoods  as  a  result 
of  early  burning.  Fire  can  be  generally  stated 
as  being  one  of  the  greatest  deterrents  in 
attempting  to  grow  good  quality  hardwood  on 
pine  growing  land.  Fire  scarring  allows  decay 
to  enter  the  trees  and  the  vigor  is  reduced  to 
the  point  where  poorly  formed  stems  are  pro¬ 
duced. 

Kraft  Mill 

Thinnings,  sawlog  tops,  damaged  trees  in 
logging  and  mortality  are  the  only  source  of 
pine  pulpwood  from  our  lands.  Approximately 
ten  percent  of  our  annual  cut  of  40,000  cords 
from  company  lands  is  from  gum  growing 
only  in  pine  stands.  No  stands  are  grown  or 
cut  with  the  idea  of  making  pulpwood  the  final 
harvest.  Some  of  our  early  plantations  are  now 
being  thinned  to  yield  pulpwood,  but  our 
greatest  volume  is  coming  from  the  operations 
listed  above.  Thinnings  enable  us  to  maintain 
a  satisfactory  growth  rate  and  to  leave  the  type 
of  tree  that  will  produce  top  quality  sawtimber 
in  quantity.  TTie  young  stands  prevalent 
throughout  most  of  the  south  are  in  the  process 
of  producing  great  volumes  of  pulpwood  but 
we  feel  that  our  advanced  quality  sawtimber 
goal  will  be  a  profitable  proposition  for  the 
future  as  it  has  been  in  the  past. 

The  remainder  of  our  annual  200,000  cord 
pulpwood  requirement  is  purchased  to  a  large 
extent  from  neighboring  companies  practicing 
sustained  yield  management  on  their  properties. 
Recognized  cutting  methods  are  being  advo¬ 
cated  by  our  pulpwood  buyers  throughout  the 
rest  of  our  procurement  territory. 

Present  Methods  of  Management  and 
Harvesting 

The  Forestry  Division  of  the  Crossett  Lum¬ 
ber  Company  is  in  direct  charge  of  managing 
the  company,  owned  timber  lands  and  for  de¬ 
livering  all  of  the  raw  material  requirements 
to  the  various  plants. 


Regulation  of  Cut 

The  forest  survey  of  1939  is  the  basis  from 
which  the  present  volume  of  cutting  was  de¬ 
termined.  The  survey  was  made  on  a  0.625 
percent  cruise  which  was  sufficient  to  get  a  good 
estimate  of  total  volume  and  of  great  enough 
reliability  to  allocate  the  portion  of  the  total 
cut  which  was  to  be  taken  from  each  of  the 
five  forest  districts  then  in  operation.  As  pre¬ 
viously  stated,  an  operability  standard  of  100  M 
board  feet  of  pine  fourteen  inches  and  up  at 
d.b.h.  was  set  as  the  minimum  requirement  for 
logging.  In  turn  the  amount  to  cut  from  any 
given  forty  was  determined  from  area-wide 
growth  studies  coordinated  with  the  .ultimate 
desirable  goal  of  stocking.  The  regulation  of 
hardwood  cut  is  aimed  primarily  toward  remov¬ 
ing  as  much  volume  from  pine  areas  as  utiliza¬ 
tion  standards  will  allow. 

Cutting  Cycle 

We  are  tentatively  set  up  to  operate  on  a 
ten  year  cutting  cycle  but  in  practice  the  aver¬ 
age  span  between  cuts  has  proven  to  be  closer 
to  eight  years.  As  new  areas  come  within  oper¬ 
ability  standards  the  cycle  will  probably 
lengthen  to  ten  years. 

Silvicultural  System  Used 

Our  first  log  cutting  in  any  given  area  is 
made  largely  for  improvement  purposes  re¬ 
moving  fire  scarred,  badly  formed,  overmature, 
diseased,  leaning,  poor  risk  and  slow  growing 
trees  from  the  stand.  Not  enough  trees  of  this 
type  are  always  found  to  remove  sufficient  vol¬ 
ume  for  economic  logging  so  the  balance  of 
the  cut  is  made  for  spacing  or  thinning  pur¬ 
poses.  In  our  second  selective  cut  we  have 
found  the  timber  to  be  of  generally  better 
quality  and  wherever  necessary  this  cut  is  a 
combination  improvement  cutting,  thinning, 
salvage  and  harvest  cutting,  all  in  the  same 
operation,  depending  on  the  needs  of  the 
stand.  Our  constant  aim  is  to  secure  reproduc¬ 
tion  as  soon  as  it  can  develop  under  the  exist¬ 
ing  stands.  While  we  have  not  yet  decided  on 
the  ultimate  method  by  which  to  manage  our 
lands,  the  present  system  of  concentrating  our 
'operation  on  areas  of  good  volume  and  cut¬ 
ting  by  the  selection  system  is  serving  a  two¬ 
fold  purpose.  It  is  giving  our  unmerchantable 
areas  time  to  develop  and  it  is  providing  eco- 
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nomically  sound  logging  operations  which  yield 
quality  suitable  for  the  existing  market. 

Harvesting  Procedure 

The  production  of  logs,  pulpwood  and  chem¬ 
ical  wood,  has  been  done  largely  by  contract 
since  1937.  To  facilitate  management  and  the 
production  of  forest  products,  the  forest  was 
subdivided  into  ten  districts.  The  forester  in 
charge  of  each  district  prepares  an  annual 
working  plan  based  on  a  cruise  of  a  given  area 
capable  of  yielding  the  raw  materials  allocated 
to  his  area  on  a  yearly  basis  by  the  company 
management  plan.  His  plan  also  covers  the 
various  other  duties  which  complete  his  respon¬ 
sibility  in  managing  his  district. 

Logging  Operations. — Most  of  the  timber 
felling  is  still  done  with  two-man  cross  cut 
saws,  although  power  saws  are  rapidly  gaining 
in  popularity.  One  of  the  main  reasons  for 
this  trend  is  the  gradual  passing  of  the  old 
type  sawhand  and  his  replacement  by  younger 
workers  who  prefer  more  modern  methods. 
Tractors  have  replaced  teams  for  skidding 
work,  and  a  variety  of  mechanical  loaders  are 
in  use  to  load  the  trucks  for  transporting  the 
logs  to  rail  points  or  direct  to  the  plant.  Team 
logging  with  wagons  is  done  only  for  the  pur¬ 
pose  of  banking  logs  on  all  weather  roads  for 
use  through  the  winter  and  on  shows  close  to 
the  railroads.  Teams  of  horses  or  mules  were 
the  only  means  of  bunching  and  loading  trucks 
or  wagons  until  1942.  G)mpany  operated  log¬ 
ging  trains  running  largely  over '  commercial 
lines  on  a  train  mile  basis  bring  the  logs  from 
railroad  landings  to  the  sawmill.  * 

Pulpwood  Operations. — ^Pulpwood  contrac¬ 
tors  immediately  follow  the  logger  to  cut  wood 
from  the  tops,  thinnings  and  damaged  trees. 
The  wood  is  either  tmcked  directly  to  the  plant 
or  loaded  on  railroad  cars  for  transportation 
to  the  plant.  Mechanical  saws,  loaders  and 
loading  systems,  and  tractor  skidding  have 
largely  replaced  the  old  methods.  We  are  cur¬ 
rently  doing  intensive  research  work  on  fur¬ 
ther  means  of  aiding  our  contractors  to  mecha¬ 
nize  and  improve  their  present  systems. 

Chemical  Wood  Operations. — ^The  log  and 
pulpwood  crews  are  often  followed  by  a  chem¬ 
ical  wood  contractor  to  complete  the  treatment 
of  the  stand.  The  wood  is  cut  and  penned  in 


the  woods  for  a  period  of  three  to  six  months 
for  air  drying  purposes  before  it  is  hauled 
directly  to  the  plant  or  to  rail  points  for  ship¬ 
ping.  Penning  in  the  woods  is  necessary  be¬ 
cause  green  wood  has  a  tendency  to  rot  before 
it  will  dry  in  the  yard  stacks. 

Present  Efforts  Made  Toward  Increasing 
the  Productivity  of  the  Forest 

Our  number  one  aim  is  to  increase  our  pine 
stands  and  stocking  to  the  point  where  our 
manufacturing  plants  can  be  completely  and 
perpetually  supplied  with  raw  materials  from 
our  own  forest. 

Hardwood  G>ntrol 

Besides  the  chemical  plant,  we  have  small 
sawmills  cutting  lumber  and  cross  ties  from 
generally  low  grade  hardwoods.  A  large  scale 
girdling  program  is  being  carried  out  to  rid 
the  forest  of  cull  hardwoods.  Experimentation 
for  a  practical  method  of  ammate  poisoning  is 
in  progress.  Gum  is  being  used  to  a  limited 
extent  at  the  paper  mill,  and  a  plant  to  pro¬ 
duce  hidkory  handle  stock  was  recently  in¬ 
stalled.  Large  areas  of  hardwood  brush  have 
been  cut  in  cleaning  operations  to  liberate  pine. 
The  old  timers  used  fire  effectively  to  control 
hardwood  brush*  and  we  are  also  delving  into 
its  possibilities.  While  we  do  not  hope  or 
desire  to  ever  cut  the  last  hardwood,  we  are 
striving  to  reduce  our  hardwood  canopy  to 
twenty-five  percent  of  the  total  on  pine  lands. 

Protection 

Great  strides  have  been  made  in  recent 
years  through  cooperation  with  the  State  force, 
which  is  primarily  responsible  and  to  whom 
we  pay  a  fixed  rate  per  acre  per  year  for  pro¬ 
tection.  A  system  of  radio  communication  was 
installed  in  all  State  vehicles  and  two  lookout 
towers  during  the  past  two  years  and  each  of 
our  district  foresters  has  similar  equipment. 
Tractor-mounted  State  fire  plows  and  company 
jeep  and  pull  plows  have  combined  to  form 
very  effective  suppression  units.  A  constant 
educational  program  is  in  progress  and  it  is 
proving  successful  through  schools,  company 
sponsored  barbecues,  forest  festivals  and  a 
rural  baseball  league  for  teen-agers. 
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Reforestation 

During  the  past  year  over  two  million  seed¬ 
lings  were  planted  with  mechanical  tree  plant¬ 
ers  on  2036  acres  of  open  lands.  The  shortage 
of  nursery  stock  curtailed  our  program  but  we 
lifted  and  planted  over  one-half  million  wild 
seedlings.  This  was  an  experiment  to  deter¬ 
mine  the  feasibility  of  using  forest  grown  stock 
which  had  seeded  in  on  an  area  after  a  heavy 
burn.  Interesting  information  should  result  on 
the  feasibility  and  success  of  using  such  stock. 
Seedlings  are  annually  distributed  free  of 
charge  to  land  owners  within  our  forest  and 
pulpwood  procurement  areas.  Some  of  the 
early  company  plantings  have  already  reached 
pulpwood  size,  and  our  local  program  will  con¬ 
tinue  until  the  last  open  acre  is  productive. 

Future  Outlook 

The  general  intensification  of  management 
will  probably  result  in  another  breakdown  of 
the  forest  districts  into  smaller  areas  as  the 
forest  becomes  better  stocked.  A  variety  of 
silvicultural  systems  ranging  from  selection  to 
shelterwood  and  seed  tree  cutting  to  repro¬ 
duce  even-aged  stands  is  in  prospect.  In  gen¬ 
eral  we  intend  to  treat  each  stand  with  what¬ 
ever  system  will  yield  the  greatest  future  return 
in  the  shortest  time.  We  ex{)ect  to  improve 
woods  mechanization,  transportation  and  com¬ 
munication  to  the  point  where  our  raw  mate¬ 
rial  costs  will  be  low  enough  to  compete  with 
our  stiffest  competitors.  The  critic^  period 
has  been  passed  in  our  sustained  yield  plan  and 
the  future  will  bring  greater  production  from 
our  forest. 

Discussion 

Roy  M.  Carter  (North  Carolina  State  Col¬ 
lege)  ;  The  accomplishments  reported  at  Cros- 
sett  can  be  duplicated  by  and  between  many 
other  mills.  They  can  be  put  into  practice  be¬ 
cause  I  believe  many  mill  managers  recognize 
the  value  of  integrated  utilization  but  just 
haven't  taken  the  time  to  investigate  and  follow 
through  integration. 

Integrated  utilization  is  not  restricted  to 
plants  who  have  a  series  of  mills  making  a 
variety  of  products  under  one  overall  manage¬ 
ment  such  as  at  Crossett.  Many  communities 


have  wood  working  plants  whose  raw  material 
specifications  vary  although  they  are  competing 
for  their  supplies.  By  better  cooperation,  and 
an  honest  effort  on  the  part  of  the  plant  man¬ 
agers,  the  logs  and  timber  more  suitable  for 
one  mill  than  another  could  be  exchanged.  Ma¬ 
terials  that  become  unusable  during  manufac¬ 
turing  at  one  plant  can  be  raw  material  for  use 
at  another  mill. 

The  possibilities  for  integrated  utilization 
are  greatest  in  areas  where  raw  material  sup¬ 
plies  for  mills  are  acute.  For  example,  in  the 
northeast  the  timber  supply  for  specialty  mills 
is  inadequate.  In  this  area  plants  that  require 
birch,  ash,  and  maple  for  specialty  products 
exchange  soft  wood  logs  and  less  desirable 
hardwoods,  used  by  other  mills,  for  hardwood. 
You  also  will  find  loggers  who  sort  their  logs 
by  quality  and  ship  them  to  the  most  suitable 
market.  'Ibe  veneer  mills  have  been  obtaining 
logs  from  many  different  types  of  wood-using 
plants  which  can  get  more  for  the  veneer  qual¬ 
ity  logs  through  exchange  or  sales  than  by  using 
them  in  their  own  products.  Recently  some  of 
these  mills  have  found  that  their  scrap  is  a  'par¬ 
tially  fabricated  dimension  piece  for  some  other 
mill.  This  integration  does  not  always  stop 
with  the  raw  material.  Some  of  these  north¬ 
eastern  mills  exchange  finished  products  with 
other  plants  cooperating  with  them  to  fulfill 
orders.  In  reality  integrated  utilization  could  be 
termed  cooperative  utilization.  Frequently  the 
exchange  was  made  after  a  number  of  years  of 
cooperation  with  other  plants. 

One  of  the  first  prerequisites  to  integrated 
utilization,  I  believe,  is  the  recognition  by  the 
varied  wood-working  plants,  that  they  are  not 
competing  with  each  other  since  their  products 
differ  considerably.  Their  only  competition  js 
for  the  raw  material  supply.  As  long  as  they  do 
not  have  an  adequate  supply  it  behooves  them 
to  exchange  that  material  more  suited  to  other 
products.  The  exchange  of  raw  material  be¬ 
tween  the  smaller  mills  should  be  easier  than 
between  large  mills  due  to  the  volume  required. 
In  actual  practice,  however,  it  is  principally  the 
large  mills  who  have  seen  fit  to  practice  inte¬ 
grated  utilization.  This  should  be  reversed. 

Our  logging  practice  has  been  "cut  the  best 
and  leave  the  rest”.  At  Crossett  the  logging  re¬ 
moves  the  poorest  quality  timber  first  in  order 
to  permit  the  best  to  obtain  maximum  develop- 
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meat.  If  this  same  method  were  practiced  by 
other  mills,  we  would  not  have  this  mad  scram¬ 
ble  for  the  high  quality  lumber  and  other  wood 
products.  We  would  be  growing  high  quality 
timber  rather  than  poorer  and  poorer  quality 
timber.  One  step  to  obtain  the  desirable  goal 
is  to  integrate  utilization  and  thereby  get  rid 
of  a  lot  of  the  poor  quality  timber  now  growing 
on  our  forest  lands. 

Mr.  Sihvonen:  The  main  difficulty  that  ex¬ 
ists  in  duplicating  Crossett’s  unique  setup  is  the 
lack  of  a  market  for  the  low  grade  hardwood 
existing  in  abundance  in  this  part  of  the  South. 

In  making  a  broad  statement,  such  as  Mr. 
Carter’s  comment  that  "Integrated  utilization 
is  not  restricted  to  plants  who  have  a  series  of 
mills  making  a  variety  of  products  under  one 
overall  management  such  as  at  Crossett,”  one 
must  bear  in  mind  that  truly  integrated  utiliza¬ 
tion  calls  for  using  all  sound  wood  growing  in 
a  forest.  With  our  varied  use  of  wood  we  can 
take  care  of  our  pine,  but  the  low  grade  hard¬ 
woods  are  growing  faster  than  we  can  use  them. 
Other  companies  in  this  region  cannot  do  so 
well  simply  because  utilization  does  not  exist 
for  the  abundance  of  hardwood  that  is  avail¬ 
able  on  their  lands.  Since  well  over  one-half 
of  the  available  timber-growing  land  in  this 
area  is  taken  up  by  cull  and  nonmerchantable 
hardwood,  the  problem  will  continue  acute  as 
long  as  only  the  merchantable  timber  is  cut 
and  no  utilization  is  found  for  the  balance  of 
the  forest. 
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I  agree  with  Mr.  Carter  that  there  is  much 
room  for  improvement  in  the  integration  of  the 
use  for  better  grade  material  into  products 
which  will  yield  the  most  profit. 

L.  IF.  Hooker  (Michigan  College  of  Mining 
and  Technology) :  It  was  my  privilege  to  be  a 
Forest  District  Supervisor  at  Crossett  for  sev¬ 
eral  years  before  coming  north  to  Michigan. 
The  perpetuation  of  a  raw  material  supply  for 
an  integrated  wood-using  industry  such  as  ex¬ 
ists  at  Crossett  depends  to  a  large  extent  on 
research  to  develop  the  techniques  necessary  to 
maintain  the  production  of  wo^  in  the  various 
forms  needed.  In  this  respect,  Crossett  is  out¬ 
standing.  Under  Mr.  Sihvonen’s  direction,  ex¬ 
tensive  experiments  are  being  carried  out  in 
such  fields  as  jslanting,  methods  of  cutting,  and 
the  use  of  fire  as  a  silvicultural  tool  in  the  con¬ 
trol  of  hardwoods  in  pine  stands.  In  the  latter 
field,  Crossett  has  pioneered  in  the  South. 

'The  progress  which  is  being  made  is  pos¬ 
sible  because  the  management  of  the  Crossett 
Lumber  Company  is  convinced  that  intensive 
forestry  is  a  paying  proposition. 

Mr.  Sihvonen:  Mr.  Hooker’s  comments  are 
correct  and  very  much  to  the  point  on  what 
we  are  attempting  to  do  at  Crossett. 

To  help  achieve  our  goal  of  a  fully  stocked 
forest,  not  only  the  technique  of  knowing  how 
to  renew  the  merchantable  portion  of  the  for¬ 
est  resource  is  desirable,' but  more  adequate 
and  complete  utilization  of  the  existing  non¬ 
merchantable  hardwood  volume  is  necessary. 
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New  Developments  in  Harvesting  Sawlogs 

Fred  C.  Simmons 

Logging  and  Primary  Processing  Specialist,  Northeastern  Forest  Experiment  Station,  Upper  Darby,  Pa. 


Much  that  is  new  has  developed  in  eauipment  and  methods  for  harvesting  sawlogs  in  the  war  and  post* 
war  vears.  The  author  describes  some  of  these  new  developments  and  discusses  some  of  the  problems  experi¬ 
enced  in  adopting  them.  A  forecast  is  also  presented  of  fuiuer  progress  to  be  expected  in  the  next  few  years. 

This  report  deals  largely  with  the  Noroieast  and  the  Lake  States,  regions  with  wfaidi  the  author  is  most' 
familiar,  although  some  excursions  are  made  into  the  South  and  the  West  to -describe  developments  that  seem 
to  have  wide  applicability. 


Introduction 

RIOR  to  the  recent  war  there  had  not 
been  much  progress  in  logging  in  the 
Northeast  and  Lake  States  for  50  years. 
There  was  a  considerable  reservoir  of  old-time 
woodsmen,  content  to  live  in  rough  camps  far 
back  from  the  road,  and  proud  of  their  ability 
to  handle  hand  tools  and  horses.  This  reservoir 
was  continually  being  replenished  by  immi¬ 
grants  from  Europe,  particularly  the  Scandina¬ 
vian  countries  and  the  Balkans. 

During  and  since  the  war,  labor  shortages 
on  the  woods  jobs  have  become  acute.  The  old- 
time  native  woodsmen  have  been  disappearing 
from  the  camps,  and  the  flood  of  immigrants 
has  dried  up  to  a  trickle.  Young  men  from  the 
local  communities  have  shunned  woods  work. 
They  are  more  attracted  by  higher  paid,  easier, 
and  safer  work  in  town. 

The  timber  operators,  desperate  for  help, 
have  been  casting  around  for  a  solution  to  this 
labor  shortage  problem.  Increases  in  rates  of 
pay  have  been  tried,  with  only  indifferent  suc¬ 
cess.  Industries  competing  for  the  labor  sup¬ 
ply  were  also  granting  pay  increases.  Improve¬ 
ments  in  logging  camps,  including  better  sani¬ 
tation,  entertainment  facilities,  and  better 
access  roads  helped  also,  largely  in  reducing 
crew  turnover.  Some  operators  closed  their 
camps,  and  ran  buses  over  the  new  access  roads 
to  transport  their  labor  from  nearby  towns. 

There  has  been  a  tremendous  increase  in 
interest  in  any  and  all  mechanical  devices  that 
gave  promise  of  increasing  productivity  of 
woods  labor.  Such  devices,  if  successful,  would 
reduce  the  size  of  crew  needed,  make  it  pos¬ 
sible  to  increase  pay  rates  still  further,  and  to 
attract  to  the  jobs  younger  men  who  were 
brought  up  in  a  mechanical  age. 


The  timber  operators  had  to  start  practically 
from  scratch  in  mechanizing  their  woods  jobs. 
By  and  large,  equipment  manufacturers  had 
given  little  consideration  to  the  problems  of 
operators  in  the  Northeast  and  Lake  States. 
The  operators  are  typically  small  and  poorly 
financed,  and  they  are  not  organized  in  a  way 
to  make  their  needs  known.  The  topography  is 
rugged,  and  the  stands  are  light,  with  relatively 
small  timber  scattered  over  a  large  territory. 
Woods  labor  had  been  contemptuous  of  me¬ 
chanical  equipment  and  on  the  few  trials  made 
had  not  given  it  a  fair  show. 

Here  and  there  some  individual  operators 
were  experimenting  with  "Rube  Goldberg”  de¬ 
vices  of  their  own  invention  and  manufacture 
devised  specifically  to  meet  their  individual 
problems.  Some  of  these  ideas  had  real  merit. 

Individual  operators,  and  several  organiza¬ 
tions  were  instrumental  in  arousing  interest 
among  equipment  manufacturers  in  the  needs 
of  the  northern  loggers.  Among  the  latter  were 
the  American  Pulpwood  Association,  the  Lake 
States  Timber  Producers  Association,  and  the 
United  States  Forest  Service,  first  through  its 
Timber  Production  for  War  Program,  and  later 
through  its  Forest  Utilization  Service. 

A  number  of  changes  were  made  in  logging 
methods  and  equipment  during  the  war  years. 
TPWP  and  the  War  Production  Board,  with 
which  it  worked,  helped  thousands  of  oper¬ 
ators  secure  priorities  to  purchase  scarce  chain 
saws,  tractors,  and  trucks.  Local  machine  shops 
helped  out  by  building,  largely  out  of  scrap 
parts,  such  devices  as  circular-saw  slasher 
plants,  logging  winches  and  sulkies,  and  even 
small  cable  skidding  outfits. 

In  the  postwar  period  this  development  has 
continued  at  a  more  rapid  pace.  Many  equip- 
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ment  manufacturers  with  excess  capacity  result¬ 
ing  from  wartime  expansion,  were  actively 
looking  for  new  products  to  manufacture. 
Young  men  returned  from  the  armed  services 
and  the  war  industries,  trained  in  the  operation 
and  maintenance  of  mechanical  equipment, 
were  looking  for  some  business  they  could  get 
into  for  themselves.  Logging  contracting 
appealed  to  many  of  them. 

A  variety  of  mechanical  devices  have  been 
developed  for  every  step  in  the  logging  job. 
Many  of  them  are  available  commercially. 
Some  have  wide  applicability;  some  are  more 
specialized,  and  a  few  are  "brainstorms”  that 
are  of  limited  usefulness.  Development  of  such 
devices  goes  on  apace.  The  old  ones,  like  the 
chain  saw  and  the  logging  tractor  and  its  acces¬ 
sories,  are  being  improved  continuously. 
Scarcely  a  day  goes  by  but  that  I  hear  of  some¬ 
thing  entirely  new  that  is  in  course  of  devel¬ 
opment  or  appearing  on  the  market.  Methods 
of  logging  are  necessarily  changing  as  new 
equipment  and  new  ideas  filter  into  the  woods. 

Let  us  try  to  describe  a  few  of  these  devices 
and  methods,  roughly  in  the  order  in  which 
they  would  be  used  on  a  woods  operation. 

.  Felling 

First  comes  felling.  For  this  operation  the 
chain  saw  has  proven  to  be  far  and  away  the 
most  useful  tool  in  our  rough  and  rocky  north¬ 
ern  woods.  The  circular  saws  mounted  on  push 
carts  or  tractors  have  been  highly  successful  in 
the  more  open  and  level  pine  stands  of  the 
South,  but  they  have  proven  too  difficult  to  get 
around  and  too  dangerous  under  most  condi¬ 
tions  in  the  Northeast. 

The  postwar  chain  saw  is  a  tremendously 
improved  tool.  The  most  popular  models  at 
present  are  powered  by  a  self-contained  gaso¬ 
line  motor.  Two-man  models  available  before 
the  war  weighed  in  excess  of  100  pounds  and 
cost  about  $700.  Now  saws  of  the  same  type, 
that  will  cut  the  majority  of  the  trees  on  our 
sawlog  jobs,  are  available  that  weigh  only 
about  60  pounds  and  cost  around  $400.  Be¬ 
cause  of  improvements  in  design  and  in  metal¬ 
lurgy,  they  are  much  more  reliable  and  efficient 
cutting  outfits. 

The  one-man,  gasoline-powered  chain  saw  is 
almost  entirely  a  postwar  development  (Fig. 
1).  There  are  now  seven  makes  on  the  market. 


and  three  or  four  more  are  about  ready  to  be 
announced.  Wartime  developments  have  made 
it  possible  to  build  a  gasoline  motor  that  will 
provide  up  to  5  horsepower  and  weigh  less 
than  20  pounds;  so  several  of  these  saws  are  in 
the  30  pound  range.  They  ordinarily  are  lim¬ 
ited  in  cutting  capacity  to  18  or  20  inches, 
although  in  an  emergency  bigger  timber  can  be 
cut  with  the  models  that  have  beavertail  type 
blades.  1  have  experimentally  cut  a  33-inch 
sugar  maple  with  an  18-inch  saw. 

The  bow-type  frame  has  proven  a  tremen¬ 
dous  improvement  in  cutting  smaller  timber 
(Fig.  2).  With  its  narrow  tapered  guide  bar, 
and  the  chain  returning  around  the  bow  out¬ 
side  the  cut,  much  of  the  pinching  difficulties 
experienced  with  beaver  tail  blades  are  com¬ 
pletely  eliminated.  I  have  cut  down  through  a 
log  suspended  at  the  two  ends,  with  six  husky 
men  perched  on  it,  without  any  trouble  from 
pinching.  These  bow  frames  are  now  available 
from  several  sources  for  both  one-man  and 
two-man  chain  saw  models. 

The  electric-powered  chain  saw  is  more  ex¬ 
pensive,  and  a  little  more  difficult  to  transport 
around  with  its  heavy  motor-generator  unit 
than  the  makes  with  the  gasoline  motor 
mounted  directly  on  them.  But  it  is  consider¬ 
ably  more  trouble-free.  Electric  power  can  take 
an  overload  without  stalling,  which  gasoline 
power  cannot.  Electric  motors  are  lighter  in 
weight,  freer  from  vibration,  and  the  operator 
is  away  from  the  fumes  of  the  gasoline  motor. 
We  now  have  a  one-man  electric  saw,  with  a 
l4-inch  cutter  bar  that  weighs  only  17  pounds. 
The  motor-generator  unit  still  weighs  129 
pounds  (Fig.  3).  Some  of  our  operators  have 
mounted  the  heavier  motor-generators  for  two- 
man  electric  saws  on  jeeps  or  crawler  tractors 
and  are  using  them  successfully  in  the  woods. 
The  men  like  them  very  much,  but  there  is  a 
considerable  investment  involved  in  such  a 
setup.  By  far  the  majority  of  our  electric  saws 
are  being  used  in  bucking  at  the  landing, 
where  transportation  of  the  generator  unit  is 
not  involved. 

Skidding 

The  most  important  development  in  skidding 
is  that  the  logging  arch  for  use  behind  a 
crawler  tractor  has  been  scaled  down  to  a  size 
that  fits  Eastern  conditions.  These  small  arches, 
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Fig.  1. — One-man,  gasoline-powered  chain  saw.  Fig,  2. — Bow-type,  one-man  chain  saw.  Fig.  3. — One- 
man  electric-powered  cluin  saw.  Fig.  4. — ^Small  rubber-tired  sullcy  for  yarding  logs.  Fig.  5. — ^Tractor 
equipp^  with  scoot  and  scoot  loader.  Fig.  6. — Cable  skidder  with  hydraulic  drive.  Fig.  7. — ^Skyhook  trans¬ 
porting  logs.  Fig.  8. — Bucking  at  landing  with  chain  saw. 
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Fig.  9. — Portable  circular  saw  slasher  plant.  Fig.  10. — Loading  with  revolving  type  crane.  Fig.  11. — 
Timber  Tosser  loading  logs.  Fig.  12. — Truck  ^uipp^  with  jib  boom  skidding.  Fig.  13.— Skid  loader  han¬ 
dling  short  bolts.  Fig.  14. — Baldwin  preloading  system — transferring  load  to  truck.  Fig.  15. — Tandem  axle 
truck  with  load  of  logs.  Fig.  16. — ^glish  gasoline-powered  portable  rock  drill. 
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most  of  them  mounted  on  rubber,  are  available 
for  tractors  in  the  30  to  50  horsepower  range, 
along  with  really  efficient  and  fully  protected 
logging  winches  (Fig.  4).  This  combination  is 
proving  by  far  the  most  generally  useful  device 
for  bringing  timber  out  of  the  woods.  With 
the  cable  running  through  a  fairlead  8  to  12 
feet  above  the  ground  the  combination  can 
effectively  bunch  its  own  load  over  a  limited 
area,  and  then  bring  it  to  the  roadside.  Com¬ 
pared  with  ground  skidding,  friction  and  dan¬ 
ger  of  hangups  are  materially  reduced  and  up 
to  twice  as  much  volume  can  be  brought  in  per 
trip.  Tree  length  logging  becomes  possible 
with  relatively  small  tractors,  and  the  lengths 
are  delivered  to  the  roadside  relatively  free 
from  embedded  dirt  and  gravel. 

This  ability  to  transport  tree-length  logs  is 
making  bucking  at  the  landing,  which  will  be 
discussed  under  the  next  heading,  more  attrac¬ 
tive. 

Other  skidding  devices  are  also  being  devel¬ 
oped  or  improved. 

In  glaciated  sections,  where  highly  abrasive 
particles  are  present  in  the  dirt  and  gravel, 
wood-using  industries  are  insistent  on  receiv¬ 
ing  clean  logs.  Consequently  yarding  with  sleds 
or  scoots  is  still  popular  in  northern  New  Eng¬ 
land  in  summer  as  well  as  in  winter.  Scoot 
logging  is  also  being  mechanized.  A  number  of 
operators  have  developed  booms  and  winches 
mounted  on  the  back  of  a  tractor  for  bunching 
their  loads  and  loading  the  scoots.  One  of 
these  is  now  on  the  market  commercially. 

There  is  also  a  revival  of  interest  in  cable 
logging.  Considerable  high  quality  timber  re¬ 
mains  on  rough  and  rocky  slopes,  or  in  swamps 
that  cannot  be  logged  with  tractors,  or  even 
with  horses.  Improvements  in  wire  rope  and  in 
its  accessories  and  fittings  in  smaller  sizes  are 
making  it  easier  to  rig  up  light  cable  systems. 
Manganese  steel  choker  hooks,  swivels,  clevises, 
and  real  loggers’  blocks  are  now  available  from 
a  number  of  manufacturers  in  sizes  to  handle 
wire  rope  down  to  %  inch  in  diameter.  Swag¬ 
ing  and  socketing  supplies  are  becoming  gen¬ 
erally  available  and  knowledge  of  their  use  is 
spreading.  Preformed  rope  is  easier  and  safer 
to  handle.  The  hydraulic  torque  converter  drive 
is  giving  internal  combustion  motors  the  ability 
to  take  shocks  and  overloads  formerly  possible 
only  with  steam  power  (Fig.  6) . 


Add  to  this  a  number  of  new  systems  of 
rigging  recently  developed  both  in  this  country 
and  in  Europe,  and  a  whole  new  field  is 
opened  up  for  cable  logging. 

The  Sl^hook,  which  has  the  power  unit  and 
the  operator  in  the  carriage,  is  bringing  logs 
and  pulpwood  out  of  the  Carolina  swamps,  and 
even  carrying  tractors  and  other  equipment 
back  into  these  swamps,  with  less  power, 
greater  safety,  and  less  interference  from 
weather  and  water  conditions  than  would  be 
possible  with  any  other  method  (Fig.  7). 

Various  systems  of  tightlining  on  high-lead 
installations  are  extending  the  usefulness  of 
this  simple  and  well  known  method  of  yarding. 
By  use  of  a  tightline  on  the  haulback  it  is  pos¬ 
sible  to  lift  rigging  and  even  heavy  loads  of 
logs  over  obstructions  a  quarter  mile  from  the 
skidder,  with  only  a  short  spar. 

Several  systems  developed  in  Switzerland 
during  the  war  years,  notably  the  Wyssen  and 
the  Lasso,  promise  to  make  it  possible  for  even 
small  operators  to  tackle  jobs  on  steep  and 
rocky  slopes.  Even  more  important,  from  the 
forestry  standpoint,  they  promise  to  ihake  it 
possible  to  bring  out  the  wood  with  a  mini¬ 
mum  of  damage  to  trees  and  reproduction 
saved  for  future  growth,  and  to  the  soil  on 
these  steep  slopes.  Installations  of  both  of  these 
systems  will  be  made  in  the  Northeast  during 
the  coming  summer. 

Bucking 

Bucking  at  the  landing,  or  even  at  the  using 
plant,  is  becoming  more  and  more  common. 
This  has  many  advantages.  It  usually  proves 
cheaper  to  buck  at  the  landing,  where  the  logs 
can  be  up  off  the  ground  on  skids  or  in  chutes, 
than  it  would  be  back  in  the  woods.  It  is  also 
possible  to  do  the  bucking  more  intelligently. 
A  crew  of  bucking  specialists,  trained  to  get 
the  'greatest  values  in  logs  and  other  products 
out  of  the  tree  lengths,  can  be  organized.  Cuts 
can  be  more  easily  made  at  points  of  crook, 
whorls  of  knots,  or  places  where  other  defects 
occur,  thus  producing  logs  of  higher  grade. 
Sections  better  suited  for  pulpwood,  turning 
bolts,  or  even  fuel  or  distillation  wood  can  be 
recognized,  and  cut  to  the  specifications  for 
those  products.  On  the  other  end  of  the  scale 
high  grade  veneer  logs  can  be  cut  and  diverted 
to  that  use.  Consequently  greater  values  are  ob- 
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tained  from  the  harvest  of  the  trees  cut  than  if 
only  standard  logs  had  been  cut  with  little  or 
no  regard  for  quality  and  the  remainder  of  the 
tree  suited  to  lesser  value  products  left  lying  in 
the  woods. 

Several  specialized  mechanical  devices  have 
been  developed  for  this  bucking.  The  chain 
saws,  especially  the  electric  powered  ones,  are 
commonly  used  (Fig.  8).  The  chain  type  deck 
saw,  powered  by  a  standard  electric  motor,  is 
coming  into  the  picture  frequently  where  com¬ 
mercial  power  is  available.  The  wheeled  cir¬ 
cular  saws  have  proven  valuable  in  some  cases. 
Drag  saws  are  also  being  successfully  used. 

The  most  revolutionary,  and  in  many  in¬ 
stances  the  most  efficient  device,  is  the  portable 
circular  saw  slasher  plant,  with  some  mechan¬ 
ical  method  for  feeding  the  pole  under  the 
saw,  for  feeding  the  saw  into  the  cut,  and  for 
carrying  the  cut  lengths  away  (Fig.  9) .  A  large 
number  of  such  plants  are  in  use  in  the  North¬ 
east  and  the  Lake  States.  Most  of  them  are 
home  made.  The  pulpwood  industry  was  prob¬ 
ably  the  first  to  adopt  them.  The  wood  distilla¬ 
tion  industry  found  them  the  answer  to  reduc¬ 
tion  of  its  cutting  and  handling  problems. 
More  and  more,  they  are  being  installed  on 
integrated  jobs,  that  produce  logs  as  well  as 
short  bolt  lengths.  The  sticks  are  brought  in 
tree  length  and  put  on  a  conveyor,  consisting 
of  a  chain,  spiked  rolls,  or  more  and  more  fre¬ 
quently  a  fluted  roll  and  buggy.  This  moves 
them  forward  into  position  for  each  cut.  The 
circular  saw  is  fed  into  the  cut  most  often  on 
a  walking  beam  from  above.  Short  lengths  cut 
are  picked  up  by  another  conveyor  and  trans¬ 
ported  to  their  place  on  the  waiting  railroad 
car,  truck,*  barge  or  pile.  Quality  sections  are 
run  under  the  saw  for  8-,  12-,  l6-foot  or  other 
standard  lengths,  and  the  saw  or  veneer  logs 
cut  out  pass  over  the  short-length  conveyor  to 
a  waiting  set  of  rolls  or  skids  to  await  loading 
out  in  their  turn.  Such  plants,  capable  of  cut¬ 
ting  60  to  80  cords  per  day,  or  the  equivalent, 
have  been  installed  at  several  locations.  A  few 
have  been  placed  on  the  decks  of  sawmills. 

Loading 

Loading  remains  one  of  the  most  difficult 
problems  of  the  northern  logger.  Revolving 
type  cranes,  mounted  either  on  rubber  or 
crawler  trades  are  becoming  more  and  more 


common  (Fig.  10).  Most  of  them  are  being 
used  with  loading  tongs  at  the  center  of  the 
log,  and  the  top  loader,  who  is  usually  the 
truck  driver,  is  responsible  for  catching  the 
swinging,  twirling  log  and  guiding  it  to  its 
place  on  the  load.  Loading  is  speeded  up, 
bigger  and  better-balanced  loads  can  be  assem¬ 
bled,  but  the  loading  cranes  are  expensive  and 
on  most  northern  jobs  they  are  idle  a  consider¬ 
able  part  of  the  time.  They  also  result  in  seri¬ 
ous  accidents,  both  to  the  top  loader  and  the 
tong  setter  on  the  ground. 

Crotch  line  and  end  dog  loading  rigs,  with 
two  men  on  tag  lines  attached  to  the  dogs,  are 
considerably  safer  but  require  an  extra  man. 
Heel  booming  has  not  become  popular  in  this 
section  as  yet,  probably  because  of  the  inex¬ 
perience  and  unfamiliarity  of  most  of  the 
loader  operators. 

Many  innovations  are  coming  in  in  the  load¬ 
ing  field.  One  of  the  most  successful,  particu¬ 
larly  for  scattered  logs,  is  the  self-loading  truck. 
There  are  three  major  variations  of  this  idea. 
One  is  the  Timber  Tosser,  with  cradle  arms  at 
the  side  powered  by  a  winch  under  the  thick 
bed,  which  pick  up  the  log  and  toss  it  over  the 
side  stakes  (Fig.  11).  This  is  an  inexpensive 
and  very  efficient  device,  but  its  capacity  is 
limited.  Another  is  the  jib  boom,  mounted  in 
back  of  the  truck  cab  and  extending  back  over 
the  bed.  A  cable  from  a  winch  mounted  at  the 
base  is  led  up  the  upright  and  out  to  the  tip 
of  the  boom.  These  are  also  limited  in  capacity, 
but  a  number  of  them  are  being  used  for  skid¬ 
ding  as  well  as  loading  relatively  light  logs 
(Fig.  12),  The  third  device  is  slower,  but  less 
limited.  This  is  the  truck  provided  with  its 
own  crosshaul.  A  winch  under  the  truck  bed 
has  a  cable  that  can  be  brought  out  on  either 
side,  up  over  the  bed  and  down  to  crosshaul 
logs  up  a  pair  of  skids  installed  on  the  opposite 
side.  These  are  being  successfully  used  to  load 
heavy  sugar  maple  bowling  pin  and  shoe  last 
stock  in  western  New  York  and  Pennsylvania. 
A  number  of  variations  of  these  ideas  are  being 
tried.  One  operator  in  Illinois  is  hauling  his 
load  over  a  roller  installed  at  the  tail  of  the 
truck  bed  in  packaged  form  with  a  winch 
mounted  behind  the  cab.  Some  boltwood  oper¬ 
ators  have  installed  a  short  jib  boom  at  one  of 
the  rear  corners  of  the  truck  bed.  A  device 
similar  to  the  Timber  Tosser,  but  with  the 
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cradle  arms  powered  by  hydraulic  rams  instead 
of  a  winch  cable,  has  been  developed  in  New 
Brunswick. 

G)nveyor-type  loaders,  and  packaging  or 
bundling  are  largely  confined  to  the  pulpwood 
and  short  bolt  field.  The  skid  loader  (Fig.  13), 
with  its  hydraulically  actuated  arms  that  can 
pick  up  as  much  as  a  cord  of  bolts  is  also  pri¬ 
marily  a  short  log  tool,  although  one  in  New 
England  has  been  handling  hardwoods  up  to 
l6  feet  in  length  around  the  yard. 

There  are  several  developments  in  the  pre- 
loading  field  for  sawlogs.  One  idea  is  to 
assemble  the  load  with  a  crotch  line  or  jammer 
on  supports  so  that  the  truck  can  be  backed 
under  it.  The  rear  end  of  the  load  is  usually 
supported  by  a  sturdy  skid  or  cradle  and  the 
front  can  be  on  a  bar  mounted  on  hydraulic 
jacks  or  in  a  sling  so  that  it  can  be  lowered  to 
the  front  truck  bunk  when  the  back  bunk  en¬ 
gages  the  rear  portion  of  the  load.  A  preloader 
has  been  developed  in  British  Columbia  that 
mounts  the  load  on  a  pair  of  skids  which  are, 
in  turn,  mounted  on  inclined  ramps,  so  that 
when  the  truck  is  backed  under  the  whole 
thing  can  be  slid  down  the  ramps  like  a  launch¬ 
ing  ship  to  its  position  on  the  bunks.  This 
latter  device,  in  smaller  size,  is  now  being 
manufactured  in  the  United  States. 

One  operator  in  Vermont  has  carried  this 
preloading  idea  to  a  complete  and  efficient  sys¬ 
tem  (Fig.  14).  He  has  equipped  his  logging 
trucks  with  roller  chain  conveyors  on  each  of 
the  bunks,  powered  from  the  truck  motor.  In 
the  woods  he  erects  a  ramp  and  trestle,  over 
which  his  crawler  tractor  and  sulky  can  be 
driven.  The  load  of  logs  behind  the  sulky 
drops  through  the  slot  in  the  middle  of  the 
trestle  onto  a  pair  of  knees  mounted  on  skids 
below.  When  a  truckload  is  accumulated  on 
these  knees  the  specially  equipped  truck  is 
driven  up  alongside,  the  chain  conveyors  en¬ 
gaged  with  the  knees,  and  the  entire  truckload 
transferred  to  the  truck  bunks  in  about  20 
seconds.  At  the  mill  the  operation  is  reversed, 
and  the  load  of  logs  is  rolled  off  onto  a  set  of 
skids  in  about  the  same  time.  The  knees  drop 
down  between  the  skids,  and  they  are  picked 
up,  put  in  a  special  receptacle  on  the  truck,  and 
returned  to  the  woods. 


Hauling 

The  motor  truck  is  far  and  away  the  major 
means  of  transporting  sawlogs  in  the  North¬ 
east  and  the  Lake  States.  The  modern  logging 
truck  is  a  much-improved  means  of  transport, 
even  over  those  that  were  available  before  the 
war.  Since  most  logs  are  hauled  in  lengths  of 
16  feet  and  under,  almost  all  hauling  is  done 
on  the  truck  bed  itself.  Tandem  rear  axle  trucks 
with  power  applied  to  both  axles,  are  becom¬ 
ing  the  favorites  throughout  the  territory  (Fig. 
15).  Trucks  so  equipped  are  able  to  negotiate 
rough  woods  roads  with  a  load,  that  could  not 
have  been  traveled  by  single-rear-axle  trucks 
when  empty.  A  positive  locking  differential, 
which  supplies  power  to  any  set  of  wheels  that 
has  traction,  is  a  big  help  in  this.  A  recent  val¬ 
uable  innovation  is  a  set  of  crawler  tracks  that 
can  be  installed  over  the  tires  on  such  tandem 
axles  to  give  even  more  positive  traction  in 
mud  or  snow. 

Front-wheel-drive  trucks  are  being  used  in 
the  woods  to  some  extent,  but  have  not  been 
so  popular  because  of  the  greater  difficolty  in 
steering  and  the  lesser  clearance  under  their 
differentials. 

Trailers  are  not  much  used  in  this  territory, 
except  for  hauling  special  products  like  piling 
and  furnace  poles.  Many  of  the  public  roads 
are  too  narrow  and  crooked  for  effective  use  of 
trailers.  But  there  is  increasing  interest  in  haul¬ 
ing  material  in  longer  than  standard  log 
lengths,  especially  by  firms  interested  in  inte¬ 
grated  logging  of  tree  length  material.  These 
tree  lengths  can  be  more  efficiently  bucked  into 
a  variety  of  products  on  the  mill  deck. 

Another  very  valuable  accessory  for  logging 
trucks  is  the  hydrotarder,  a  hydraulic  speed 
control  device  that  saves  the  brakes  in  coming 
down  sustained  steep  slopes.  Developed  to 
slow  up  airplanes  landing  on  carrier  dedcs  dur¬ 
ing  the  war,  it  uses  plain  water  in  a  hydraulic 
centrifugal  pump  arrangement,  attached  to  the 
drive  shaft,  to  hold  the  speed  of  the. truck  to 
a  preset  maximum.  It  is  being  manufactured 
and  marketed  by  a  West  Virginia  concern,  and 
has  found  a  place  on  western  as  well  as  eastern 
operations. 

Another  very  important  modern  log  truck 
improvement  is  the  safety  trip  stakes  now 
almost  universally  used.  Formerly  the  log  truck 
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driver  had  to  knock  out  the  stakes,  or  a  fid 
hook  holding  them,  from  the  same  side  on 
which  the  logs  rolled  off.  The  new  stake  trips, 
of  which  there  are  many  modeb,  all  are  re¬ 
leased  by  a  pull  on  a  lever  located  on  the  oppo¬ 
site  side  of  the  truck.  These  tripping  devices 
are  eliminating  many  serious  injuries  that  were 
incurred  with  the  old  type  of  stakes. 

The  construction  of  logging  roads  is  also 
being  made  easier  and  cheaper.  The  crawler 
tractor  with  angledozer  blade  is  still  the  most 
generally  useful  tool  for  woods  road  construc¬ 
tion,  but  postwar  models  have  many  improve¬ 
ments.  The  horsepower  ratings  of  postwar 
tractors  have  been  increased;  steering  boosters 
are  making  their  control  easier  on  the  oper¬ 
ator,  and  the  bulldozer  controls  are  more  effi¬ 
cient  and  the  blades  sturdier.  The  hydraulicly 
operated  blade  is  the  favorite  on  eastern  oper¬ 
ations  because  it  has  power  behind  it  when  it 
is  lowered  as  well  as  when  it  is  raised.  This 
makes  it  possible  when  the  tractor  becomes 
mired  to  put  a  couple  of  poles  under  the  blade, 
and  then  with  a  downward  push  on  the  blade 
to  raise  the  front  end  of  the  crawler  tracks 
enough  so  that  skids  can  be  placed  under  them 
over  which  the  tractor  can  come  out  under  its 
own  power. 

Other  roadbuilding  equipment  that  is  prov¬ 
ing  valuable  in  the  woods  includes  new  models 
of  light,  gas-powered  shovels,  rippers,  road 
maintainers,  and  rock  crushers. 

New  explosives  are  an  important  part  of  the 
picture  also.  There  are  specialized  types  that 
are  much  more  nearly  foolproof  for  almost 
every  job  in  the  woods,  from  clearing  overbur¬ 
den  and  stump  removal  to  cracking  rock  ledges 
and  throwing  up  a  fill  across  a  swamp.  Impor¬ 
tant  in  extending  their  use  are  the  new  port¬ 
able  rock  drills.  A  Pennsylvania  cotKern  has 
introduced  a  small  self-powered  compressor  on 
crawler  tracks,  that  can  do  a  variety  of  woods 
jobs.  From  England  has  come  a  self-contained, 
90-pound,  gasoline-powered  rock  drill  that 
automatically  rotates  the  drill  and  blows  out 
the  hole  (Fig.  16).  New  tungsten  carbide 
tipped  rock  drill  bitts  have  multiplied  the  life 
of  this  important  tool  up  to  100  times. 

Problems  of  Mechanization 

Effective  mechanization  of  the  woods  job 
calls  for  much  more  than  just  buying  new 


equipment  and  sending  it  out  to  the  crew. 
Many  of  our  logging  operators  have  learned 
this  the  hard  way.  Choice  of  the  proper  tools 
for  the  particular  conditions  to  be  met  is  im¬ 
portant,  but  equally  important  is  the  selection 
and  training  of  the  men  who  will  operate 
them,  and  alteration  of  the  methods  of  opera¬ 
tion  to  use  these  new  tools  most  effectively. 

Some  reference  has  been  made  to  these  prob¬ 
lems  in  the  descriptions  of  some  of  the  devices 
now  available  which  have  just  been  given. 
They  are  worth  more  emphasis. 

Many  timber  operators  have  bought  a  new 
device,  such  as  a  chain  saw,  given  it  to  one  of 
their  regular  felling  crews,  and  been  dis¬ 
appointed  in  the  results.  The  most  successful 
and  efficient  chain  saw  crews  are  those  that 
have  been  selected  and  trained  for  the  job  in 
the  particular  type  of  timber  to  be  cut.  Gener¬ 
ally  a  young  man,  with  some  mechanical  back¬ 
ground  and  interest,  has  proven  the  most  suc¬ 
cessful  on  the  motor  end  of  the  saw.  Such  a 
worker, is  much  more  likely  to  keep  the  saw 
properly  maintained  and  lubricated,  and  to  be 
able  to  make  necessary  minor  repairs  on  the 
spot.  In  many  of  the  most  successful  cases  the 
chain  saw  operator  owns  his  own  tool  so  he 
feels  a  proprietary  interest  in  its  maintenance. 
Sometimes  an  old-time  logger,  who  knows  a 
lot  about  the  tricks  of  getting  trees  down  suc¬ 
cessfully,  and  who  is  willing  to  learn  new  ones, 
proves  to  be  successful  on  the  tailstock  of  a 
two-man  saw.  Then,  in  most  cases,  it  has 
proven  desirable  to  add  a  third  man  to  the  saw 
crew.  He  can  do  the  brushing  out,  wedging, 
and  other  axe  work  necessary  to  keep  the  saw 
running  steadily,  and  he  can  transmit  signals 
between  the  men  on  the  opposite  ends  of  the 
saw.  He  is  available  to  fill  in  on  one  end  of 
the  saw  in  case  of  fatigue  or  injury,  or  when 
there  is  absenteeism. 

Then  it  has  proved  desirable,  particularly  in 
young  softwood  stands  where  there  is  a  great 
deal  of  limbing  to  be  done,  to  add  one,  two,  or 
even  three  additional  axemen  to  the  crew,  in 
order  to  keep  the  saw  running  steadily.  Such  a 
crew,  tailored  to  the  job  to  be  done,  has  proven 
in  almost  every  case  able  to  double  man  day 
production  records  previously  attained  with 
hand  tools. 
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The  same  principles  apply  to  the  selection 
and  organization  of  skidding,  bucking,  load¬ 
ing,  and  hauling  crews. 

Gearing  a  mechanized  operation  so  that  each 
phase  keeps  working  steadily  and  in  pace  with 
each  other  step  is  a  difficult  proposition.  Bot¬ 
tlenecks  are  continually  developing.  Break¬ 
down  of  a  skidding  tractor  may  be  as  serious 
as  loss  of  four  or  five  teams  from  an  old-time 
hand  and  horse  job.  Consequently,  in  addition 
to  good  operators,  good  mechanics  and  facili¬ 
ties  for  maintenance  and  repair  are  necessary. 
The  forturute  operator  has  these  available 
from  his  local  distributor,  and  an  aggressive 
and  well-equipped  local  distributor  should 
often  be  the  deciding  factor  in  choice  of  the 
particular  make  to  be  purchased.  The  less  for¬ 
tunate  operator,  far  distant  from  a  town  or 
with  a  great  deal  of  equipment  to  maintain, 
will  establish  his  own  well-equipped  and 
manned  maintenance  and  repair  shop,  and  see 
that  it  has  the  facilities  and  authority  it  needs. 

Needed  Further  Developments 

As  intimated  several  times,  the  revolution  in 
our  logging  methods  and  the  equipment  used 
for  them  is  far  from  complete.  Practically  every 
device  used  in  the  woods  needs  further  im¬ 
provement,  and  such  improvements  are  being 
made  continuously.  Much  progress  has  been 
made  in  recent  months  on  the  design  of  cutting 
teeth  for  the  chain  saw,  on  logging  tractors  and 
their  accessories,  on  loaders  and  on  log  trucks. 
Many  new  ideas  for  improvement  of  these 
tools  are  fermenting  in  the  minds  of  the  oper¬ 
ators  and  the  manufacturers. 

There  are  some  fields,  however,  in  which 
the  need  for  development  or  improvement  is 
particularly  urgent. 

One  is  the  need  for  a  really  portable  and 
efficient  debarking  machine.  Most  of  our  pulp- 
wood,  of  course,  must  be  free  of  bark  before 
it  goes  into  the  chippers  or  grinders.  Lack  of 
a  portable  debarker  is  costing  the  pulpmills 
large  sums  each  year  in  transportation  of  un¬ 
wanted  bark  long  distances  to  the  barking 
facilities  at  the  mill,  and  then  disposal  of  the 
bark  after  it  is  removed.  Saw  and  veneer  mills 
are  interested  in  debarking  also.  Debarked  logs 
can  be  sawed  more  intelligently  because  defects 
are  more  visible,  and  less  sharpening  and 
breakage  of  saws  is  experienced  because  abra¬ 


sive  dirt  and  gravel  are  removed  with  the  bark, 
and  much  embedded  metal  becomes  visible. 
Then  the  waste  from  the  sawing  operation 
from  debarked  logs  becomes  more  valuable. 
Slabs  and  edgings  minus  the  bark  are  market¬ 
able  at  almost  any  pulpmill.  Sawdust  which  is 
bark-free  has  greater  possibilities  for  wood- 
flour  or  other  profitable  uses. 

Much  work  is  being  done  on  portable  de¬ 
barking  devices.  Pounding  hammers,  friction, 
and  even  hydraulic  jets  in  various  forms  are 
being  tried,  but  nothing  that  really  meets  the 
needs  has  been  found.  The  most  promising  at 
present  is  a  recently  imported  Swedish  idea. 
Log  lengths  are  run  straight  through  a  revolv¬ 
ing  disc  across  which  chains  under  tension  are 
so  stretched  that  they  embrace  the  log  and  take 
the  bark  off.  This  machine  has  been  redesigned 
to  American  standards  and  is  now  on  the  mar¬ 
ket.  A  special  trailer  has  been  designed  to  carry 
its  10-ton  weight  to  make  it  something  of  a 
portable  tool.  The  cost  is  in  the  neighborhood 
of  $35,000  and  the  capacity  is  about  5,000 
linear  feet  an  hour  so  it  is  a  tool  for  the  large, 
instead  of  the  small  operator. 

Another  field  in  which  much  further  devel¬ 
opmental  work  is  needed  is  devising  equipment 
for  the  very  small  operator,  including  the  part- 
time  farmer-logger.  Although  much  of  the 
equipment  previously  discussed  has  been  scaled 
down  both  in  price  and  in  size  in  recent  years 
it  is  still  too  big,  too  specialized,  and  too  ex¬ 
pensive  for  most  of  these  small  operators  who 
get  out  a  large  proportion  of  our  timber  each 
year  and  who  should  get  out  more.  A  recent 
survey  indicated  that  the  farmer  is  spending 
four  to  five  times  as  many  may  days  for  each 
unit  of  timber  produced  on  his  logging  jobs  as 
the  good  commercial  operators.  The  difference 
is  largely  due  to_the  equipment  and  methods 
used. 

There  are  possibilities  in  the  development  of 
logging  accessories  for  the  equipment  the 
farmer  already  has.  A  recent  example  is  a  rear- 
mounted  winch  with  built-in  fairlead  for  a 
wheel  tractor.  The  truck  tracks  previously  de¬ 
scribed  are  another. 

In  some  cases  the  solution  will  have  to  be  a 
new  multipurpose  machine  suitable  for  use 
both  in  the  woods  and  in  the  fields  and 
orchards.  The  new  light  gasoline-powered 
crawler  tractors  are  an  example.  A  chain  saw 
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with  a  detachable  motor  that  can  also  be  used 
in  running  a  grinding  wheel,  a  corn  sheller,  or 
similar  device,  is  another. 

Among  the  equipment  most  urgently  needed 
by  these  small  operators  at  the  present  time  are 
the  following: 

A  light  portable  and  efficient  debarker  for 
pulpwood  and  fence  posts. 

A  portable  slasher  saw.  Several  home-made 
models  have  been  quite  successful. 

An  inexpensive  conveyor-loader  for  fuel  and 
pulpwood. 

Light,  easily  nunaged,  and  inexpensive  cable 
logging  systems.  The  Lasso  cableway,  from 
Switzerland,  has  possibilities. 

With  the  generally  awakened  interest  in 
such  developments,  I  believe  we  can  look  for¬ 
ward  to  a  great  deal  further  progress  in  the 
next  few  years. 

Discussion 

H.  F..  Horton  (The  Prescott  Company)  :  We 
have  followed  with  great  interest  the  research 
done  by  Mr.  Simmons.  We  have  contributed 
at  his  invitation  some  data  for  compilation  of 
his  several  papers,  and  we  have,  through  his 
courtesy,  a  complete  file  of  his  treatise  concern- 
ing  logging  in  the  northeast. 

We  consider  that  Mr.  Simmons’  work  has 
been  of  great  benefit  to  the  loggers  of  that 
section.  He  has  advocated  the  use  of  modem 
labor  saving  machinery,  stressing  utility  with 
safety,  and  we  believe  that  his  recommendation 
should  be  seriously  considered  in  the  harvest¬ 
ing  of  logs. 

Mr.  Simmons  has  also  commented  at  various 
times  upon  the  inadvisability  of  manufactur¬ 
ing  lumber  with  unsubstantial  and  inadequate 
sawmill  machinery.  Here,  again,  we  believe 
that  Mr.  Simmons  is  definitely  on  the  right 
track.  We  have  no  hesitancy  in  expressing  the 
opinion  that  a  goodly  amount  of  lumber  is 
butchered  by  the  so<alled  ground  rattler  saw¬ 
mills,  which  lumber  would  have  secured  a  much 
higher  price  because  of  better  grades,  if  it  were 
properly  manufactured. 

Mr.  Simmons:  Thank  you  very  much  Mr. 
Horton  for  your  laudatory  comments.  It  is  true 
that  the  lumber  business  has  been  grievously 
afflicted  during  the  war  and  postwar  years  with 
the  haywire  sawmill  and  the  haywire  sawmill 


operator.  Neither  has  much  of  a  place  in  the 
competitive  markets  of  today  or  the  foreseeable 
future.  The  poorly  cut,  poorly  dried,  and 
poorly  graded  lumber  they  turn  out  has,  to 
some  extent,  given  all  lumber  a  bad  reputation. 
The  marketing  practices  such  mills  follow  has 
contributed  to  the  chaotic  condition  of  our  lum¬ 
ber  markets.  Under  today’s  conditions  such 
firms  must  correct  their  practices  and  improve 
their  equipment  or  drop  out  of  the  picture. 
Together  with  the  trade  associations  and  the 
equipment  manufacturers  we  have  been  trying 
to  help  some  of  them  do  the  former.  Many  of 
them  are  doing  the  latter. 

Leland  W.  Hooker  (Michigan  College  of 
Mining  and  Technology)  :  Mr.  Simmons  has 
pointed  out  that  there  is  still  great  need  for 
suitable  debarking  equipment  despite  the  fact 
that  the  subject  is  receiving  much  attention  in 
many  quarters. 

At  the  Forest  Products  Research  Division, 
Michigan  College  of  Mining  and  Technology, 
we  are  undertaking  an  investigation  to  deter¬ 
mine  the  feasibility  of  providing  to  the  man 
who  peels  by  hand  a  power-operated  tool  that 
will  increase  his  speed  and  efficiency  and  will 
permit  him  to  peel  logs  both  before  and  after 
the  normal  summer  peeling  season.  It  is  our 
belief  that  present  lines  of  attack  on  the  de¬ 
barking  problem  leave  a  considerable  gap  be¬ 
tween  hand  peeling  and  the  use  of  heavy  ma¬ 
chines.  It  appears  that  the  filling  of  this  gap 
(feserves  considerable  attention. 

Mr.  Simmons  has  indicated  the  several  ad¬ 
vantages  in  the  use  of  logging  arches  and 
sulkies  scaled  down  to  fit  Eastern  conditions. 
1  would  like  to  bring  to  the  attention  of  the 
group  an  objection  to  the  use  of  sulkies  and 
arches  which  has  recently  come  to  the  fore  in 
northern  Michigan.  Some  land-owners  are  pro¬ 
hibiting  the  use  of  such  equipment  in  their 
properties  because  they  feel  that  it  causes  ex¬ 
cessive  damage  to  the  residual  stand  when  se¬ 
lective  cutting  is  employed.  Because  of  this  ob¬ 
jection,  our  division  has  instituted  a  study  com¬ 
paring  logging  damage  in  tree-length  skidding 
with  that  in  conventional  tractor  ground  skid¬ 
ding.  Early  indications  resulting  from  this 
study  are  that  sulky  skidding  can  actually  be 
less  injurious  than  the  conventional  method. 

Mr.  Simmons:  I  wish  Lee  Hooker  and  his 
colleagues  success  in  their  efforts  to  develop  a 
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truly  portable  debarker.  Let  us  hope  that  they, 
or  someone  else,  will  come  up  with  one  that 
will  handle  hardwoods  as  well  as  softwoods, 
and  woods  in  the  late  summer  and  winter,  as 
well  as  in  the  sap  peeling  season  in  the  spring. 

I  have  also  been  tremendously  interested  in 
the  studies  that  have  been  made  in  northern 
M'chigan  on  damage  that  has  resulted  on  ordi¬ 
nary  commercial  operations,  using  different 
methods  of  skidding.  There  are  undoubtedly 
some  inherent  differences  in  the  results  of 
these  different  methods.  Even  more  important, 
in  my  opinion,  is  the  way  the  equipment  is 
handled  and  the  attitude  of  the  woricers.  I 
have  seen  some  very  destructive  horse  logging 
jobs,  and  some  cable  skidding  operations  on 
which  the  damage  was  negligible.  The  differ¬ 
ence  was  in  the  layout  and  methods  adopted 
by  the  operator,  and  the  instructions  and  train¬ 
ing  given  to  the  labor. 

C.  D.  Dosker  (Gamble  Brothers) :  Why 
were  pictures  of  the  Jackson  Harvester  not 
shown?  In  my  opinion  this  is  an  outstanding 
piece  of  sawmill  equipment  for  the  utilization 
of  timber  on  scattered  tracts. 

Mr.  Simmons:  As  mentioned  in  my  informal 
introduction,  the  moving  pictures  shown  were 
taken  at  the  equipment  demonstration  we  spon¬ 
sored  in  cooperation  with  the  New  York  Sec¬ 
tion,  Society  of  American  Foresters,  last  fall. 
Unfortunately  the  makers  of  the  Jackson  Lum¬ 
ber  Harvester,  as  well  as  the  makers  of  several 
of  the  other  types  of  mobile  mills,  were  not 
able  to  bring  their  equipment  to  this  show.  A 
number  of  them,  including  Jackson,  were  in¬ 
vited.  I  agree  with  Mr.  Dosker  that  these  mo¬ 
bile  mills  constitute  a  notable  advance  in  mak¬ 
ing  economically  possible  the  utilization  of 
timber  on  scattered  tracts.  There  is  a  growing 
interest  among  commercial  operators  in  con¬ 
verting  logs  into  cants  or  flitches  on  such  mo¬ 
bile  mills.  These  can  then  be  transported  to  the 
main  mill  for  remanufacture  much  more 
cheaply  than  the  round  logs. 

R.  D.  Carpenter  (U.  S.  Forest  Service) :  A 
one-man  sawmill  has  been  developed  by  the 
Corinth  Machinery  Company  at  Corinth,  Mis¬ 
sissippi  and  is  in  actual  operation  by  the  Davis 
Luml^r  Company  at  Cullman,  Alabama.  This 
mill  is  completely  hydraulic.  All  of  the  fea¬ 
tures,  including  carriage  feed,  setworks,  dogs. 


and  log  turner,  are  all  hydraulically  powered 
and  controlled  by  the  sawyers. 

Mr.  Simmons:  The  Davis  sawmill  is  one 
example  of  the  notable  labor  saving  improve¬ 
ments  that  have  been  made  in  sawmills  in  the 
past  few  years.  The  West  Coast  Lumberman 
recently  ran  a  cartoon  showing  a  picture  of  a 
sawmill  bearing  the  sign  "No-man  Sawmill — 
Employees  Keep  Out”.  We  have  not  quite  pro¬ 
gressed  to  that  point  but  there  are  several  so 
called  "One-man  sawmills”.  Another  one  has 
recently  been  put  on  the  market  by  a  Hacketts- 
town,  N.  J.  sawmill  machinery  manufacturer. 
This  uses  mechanical  means  to  automatically 
turn  the  logs,  dog  them,  and  advance  the  set- 
works.  Some  of  the  newer  mills  even  have 
horizontally  mounted  edger  saws,  mounted 
ahead  of  the  headsaw  and  controlled  by  the 
head  sawyer. 

E.  W .  Fobes  (Forest  Products  Laboratory) ; 
Considerable  attention  has  been  given  by  Mr. 
S'mmons  to  descriptions  of  available  logging 
equipment.  For  the  most  part  the  basic  princi¬ 
ples  and  machines  are  not  new,  but  do  include 
improvements,  application  of  advanced  engi¬ 
neering  design,  and  other  details  that  can  be 
summed  up  as  modernization. 

The  question  is,  why  this  sudden  splurge  to 
mechanize  logging?  The  answer  is,  to  catch  up 
with  progress.  Mechanization  of  logging  is 
long  overdue  since  progress  has  been  falling 
behind  that  in  other  industries. 

The  reasons  or  excuses  used  by  the  lumber 
industry  have  often  been  that  suitable  equip¬ 
ment  was  not  available.  Mr.  Simmons’  paper 
points  out  the  fallacy  of  this  statement  and 
shows  what  can  be  done  when  the  industry 
decides  to  do  something  about  it.  The  variety 
of  available  equipment  is  greater  than  the 
knowledge  of  its  economical  application. 

Even  with  the  equipment  available,  indus¬ 
try,  as  pointed  out  by  Mr.  Simmons,  attributes 
lack  of  progress  to  the  kind  and  attitude  of 
woods  workers.  Basically,  the  reason  goes  be¬ 
yond  that,  and  is  found  in  the  psychology  of 
the  whole  industry  from  top  to  bottom. 

Before  the  war  newcomers  in  the  industry 
were  few.  By  and  large  personnel  was  com¬ 
posed  of  men  who  grew  up  in  the  industry. 
Vacancies  in  the  front  office  were  filled  by  men 
from  the  woods.  Consequently  their  attitude 
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toward  mechanization  was  similar  to  the  men 
they  left  behind. 

That  condition  existing  for  a  considerable 
period  before  the  war  created  circumstances 
that  forced  management  to  introduce  and  de¬ 
velop  equipment  that  did  not  appeal  to  it.  Offi¬ 
cials  were  not  sold  on  equipment  usage  and 
made  little,  if  any,  effort  to  sell  it  to  the  men 
who  were  expected  to  use  it. 

Such  efforts  met  with  little  or  no  success 
except  in  isolated  cases,  but  these  were  out¬ 
standing  enough  to  expose  the  potentialities  of 
mechanization.  Since  then  progress  has  been 
rapid  and  to  some  extent  men  with  mechanical 
and  training  experience  have  taken  over  some 
of  the  supervisory  positions. 

Will  progress  in  mechanization  continue  or 
has  a  temporary  peak  been  reached  similar  to 
that  following  World  War  I?  Indications  are 
that  the  time  has  come  to  determine  the  best 
economical  application  of  the  array  of  equip¬ 
ment  described  by  Mr.  Simmons  and  continue 
mechanization  efforts  to  keep  the  logging  in¬ 
dustry  on  a  par  with  others  so  it  will  appeal 
to  high  quality  workers. 

Mr.  Simmons:  Gene  Fobes  is  right  when  he 
says  that  there  has  been  considerable  resistance 
to  mechanization  and  modernization  of  log¬ 
ging  in  top  management  as  well  as  among 
woods  laborers.  In  our  territory  the  greatest 
advances  in  mechanization  have  been  made  and 
the  most  efficient  operations  are  found,  among 
what  we  consider  medium-sized  operators. 
These  will  cut  somewhere  between  20  and  50 
thousand  board  feet  of  sawlogs,  or  between  50 
and  100  cords  of  pulpwood  a  day.  Many  of  the 
young  ex-GJ’s,  referred  to  in  my  paper,  are  in 
this  class.  They  are  big  enough  to  be  able  to 
afford  and  make  efficient  use  of  much  of  the 
equipment  that  is  currently  available,  and  small 
enough  so  that  the  boss  can  be  familiar  with 
and  work  with  every  detail  of  the  operation. 
He  can  usually  pick  and  train  his  own  labor, 
and  make  changes  in  personnel  and  methods 
whenever  bottlenecks  develop.  In  bigger  com¬ 
panies  the  supervisory  force  on  the  ground  has 
frequently  not  had  the  necessary  interest  or  in¬ 


centive  to  do  this,  and  top  management  has  not 
had  the  intimate  knowledge  or  contact  to  be 
able  to  insist  that  it  be  done.  Suitably  priced 
equipment  of  a  capacity  needed  by  really  small 
operators  has  not  been  generally  available. 

Confronted  with  the  example  of  more  effi¬ 
cient  operations  in  the  medium  sized  range,  big 
companies  are  now  actively  trying  to  follow 
their  example,  or  giving  up  their  company  jobs 
and  contracting  the  work  out  to  mechanically 
minded  jobbers.  Equipment  manufacturers  are 
becoming  more  interested  in  the  market  offered 
by  the  little  "one  gallus”  operator,  and  more 
and  more  equipment  suited  to  his  needs  is  ap¬ 
pearing  on  ffie  market. 

George  /.  Carr  (Pacific  Car  and  Foundry 
Company) :  Methods  of  sawlog  harvesting  are 
seriously  influenced  by  the  "abrasion  factor” 
or  sand,  grit,  and  dirt  picked  up  in  the  tree 
bark  during  the  transportation  cycle  from  stump 
to  sawmill;  particularly  in  the  off  highway  or 
skidding  operation. 

The  adaptation  of  West  Coast  logging  meth¬ 
ods  (tractor-arch  and  high  lead  skidding)  to 
saw  log  harvesting  for  portable  sawmills  would 
be  facilitated  if  a  sawmill  had  some  device  for 
cutting  a  kerf  or  "cleaning  a  path”  for  the  mill 
saws.  Is  such  a  device  available? 

Mr.  Simmons:  George  is  right.  This  "abra¬ 
sion  factor”  is  particularly  important  in  gla¬ 
ciated  country,  such  as  northern  New  England, 
where  the  soil  is  full  of  quartz  crystals  and 
other  very  hard  particles.  One  New  England 
manufacturer,  the  Dutton  Lumber  Co.,  at 
Brandon,  Vt.  has  developed  just  such  a  device 
as  George  is  looking  for.  It  is  a  powered  cog 
wheel,  mounted  on  a  walking  beam,  that  the 
operator  can  pull  down  on  top  of  a  log  to  clean 
a  path  ahead  of  the  saw  cut.  It  is  being  suc¬ 
cessfully  used  in  three  of  their  mills,  and  Mr. 
Dutton  is  planning  to  manufacture  it  commer¬ 
cially.  Other  operators  object  to  it  however, 
since  it  throws  a  lot  of  dirt  and  shredded  bark 
into  the  air.  Several  means  of  minimizing  this 
trouble  are  being  tried.  A  similar  device  has 
recently  been  put  out  by  the  manufacturers  of 
the  Jackson  Lumber  Harvester. 
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Status  of  Portable  Wood  Chippers 

E.  W.  Fobes 

Forester,  Forest  Products  Laboratory,'  Forest  Service,  U.  S,  Department  of  Agriculture 

Cons'derab’e  develcpnent  woric  his  been  done  and  a  number  of  portable  chippers  suitable  tor  chipping 
small  wood  hive  been  d;velopcd  and  are  in  limited  use  for  the  reduction  or  disposal  of  prunings  by  dty  park 
departments  and  in  the  produ  tion  of  chipped  wood  for  crude  fiber  produas.  There  is  need  for  ch  ppers 
capable  of  handling  larger  wood  and  for  debarking  equ'pment  that  would  operate  in  conjunaion  witn  the 
cb  ppers  to  produce  cleaner  chips  with  a  lower  bark  content. 


Introduction 

Mechanized  timber  harvesting  has 
reached  a  stage  of  development  in  the 
United  States  that  indicates  certain  ad¬ 
vantages  to  be  gained  in  forest  management 
and  utilization  by  the  use  of  fragmenting  equip¬ 
ment  commonly  called  portable  chippers.  The 
underlying  purpose  of  the  use  of  such  equip¬ 
ment  is  to  reduce  the  handling  of  individual 
pieces  of  wood.  The  common  thought  is  that 
the  cost  can  be  lowered  through  chipping  at  or 
near  the  source  of  wood  supply  because  chips 
can  be  bulk-handled  with  blowers,  conveyors, 
and  other  powered  equipment  better  than  mis¬ 
cellaneous  forms  and  sizes  of  rough  wood. 

The  Forest  Products  Laboratory,  in  the 
course  of  its  investigations  of  more  efficient 
timber  harvesting  methods,  has  recently  made  a 
survey  of  the  present  status  of  commercial 
chippers,  the  types  of  equipment  available,  the 
problems  encountered,  and  the  practical  aspects 
and  prospects  for  substantial  extension  of  this 
method  of  wood  conversion. 

In  general,  it  was  found  that,  though  of 
much  current  interest  among  timber  operators 
and  foresters,  movable  machines  for  converting 
rough  wood  into  chip  form  are  still  in  the  de¬ 
velopment  stage.  Progress  is  not  advancing  so 
fast  in  connection  with  the  utilization  of  the 
chipped  wood  and  its  application  to  forestry 
as  it  is  in  other  applications,  notably  that  in 
horticulture  for  shade  tree  and  orchard  brush 
disposal.  This  is  challenging  but  not  surpris¬ 
ing  when  it  is  realized  that  the  latter  held  prob¬ 
ably  involves  larger  margins  for  reducing  high 
labor  costs  than  are  applicable  to  utilizing  wood 
waste  for  a  merchantable  commodity. 

'  Maintained  at  Madison  3,  Wis.,  in  cooperation 
with  the  University  of  Wisconsin. 


Strictly  speaking  a  portable  chipper  is  one 
mounted  on  the  same  frame  as  the  power  sup¬ 
ply  and  requiring,  at  most,  only  the  disconnec¬ 
tion  of  the  conveyor  system  when  it  is  moved. 
When  such  a  unit  is  mounted  on  a  vehicle  it 
should  be  classed  as  a  mobile  chipper.  When 
the  chipper  itself  can  be  moved  as  a  unit  but 
requires  separate  handling  of  the  power  unit, 
disconnection  from  the  foundation,  or  other 
similar  dismantling,  it  should  be  termed  semi¬ 
portable. 

Although  the  term  "chips”  is  commonly  used 
to  designate  the  types  of  fragmented  wood, 
among  the  wood-using  industries  several  classes 
of  wood  fragments  are  recognized.  It  is  im¬ 
portant  to  draw  fairly  sharp  distinctions  be¬ 
tween  these  classes,  especially  the  two  major 
types  of  wood  fragments,  namely,  (1)  chips 
in  the  technical  sense,  and  (2)  hoggeci  wooid. 
Table  1  gives  a  brief  summary  of  the  various 
kinds  of  chips,  and  their  uses  and  specifications. 

Among  the  first  efforts  in  the  United  States 
to  develop  mobile  chippers  were  those  mounted 
on  railroad  cars.  One  was  used  in  the  Lake 
States  in  the  late  1920’s  to  produce  chips  for 
wood  distillation.  A  more  elaborate  one  was 
designed  on  the  West  Coast  in  1929.  It  was 
complete  with  associated  pulp-mill  wood-room 
equipment,  including  saws,  splitters,  and  disk 
barkers.  The  wood  room  with  its  problems  was 
in  effect  merely  transported  to  the  woods  where 
additional  problems  were  added. 

About  1940  in  the  Southeast  a  standard  disk 
chipper  with  power  supply  mounted  on  a  steel¬ 
wheeled  trailer  was  used  to  chip  pine  tops  and 
trees  left  by  pulpwood  loggers.  Later  a  similar 
operation  was  tried  on  the  Gulf  Coast.  More 
recently  a  truck-mounted  chipper  has  produced 
chips  for  roofing  felt  mills  in  the  Northeast. 
These  operations  were  designed  to  produce  uti- 
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lizable  chips.  However,  during  this  same  period 
a  mobile  chipper  was  developed  in  the  North¬ 
east  to  dispose  of  trees  killed  by  the  Dutch  elm 
disease.  From  this  came  the  present-day.  mobile 
chippers  used  for  brush  disposal. 

Chipping  of  brush  along  power  line  right- 
of-ways  has  been  found  to  minimize  extra  han¬ 
dling  of  small  material,  the  need  for  burning 
crews,  the  danger  of  escaping  brush  fires,  as 
well  as  dependence  upon  favorable  weather 
conditions.  Similar  considerations  are  given  to 
disposal  of  thinnings  on  at  least  one  municipal 
watershed.  A  few  horticulturists  have  found 
the  use  of  a  mobile  chipper  well  worth  the  in¬ 
vestment  in  disposing  of  orchard  trimmings  and 
improving  the  soil  in  sandy  areas.  Chips  dis¬ 
integrate  and  return  nutrients  and  humus  to 
the  soil  quicker  than  do  brush  piles  and  tree 
tops. 

Concurrent  use  of  semiportable  chippers  and 
hogs  to  produce  utilizable  chips  has  increased 
at  permanent  sawmills  and  railroad  sidings. 
Slabs,  edgings,  and  round  wood  are  being 
chipped  for  roofing  felt  mills  and  other  in¬ 
dustries. 

From  the  foregoing  it  appears  that  mobile 
equipment  is  especially  applicable  to  thinnings 
and  intermediate  crops  since  the  manual  han¬ 
dling  of  small  round  wood  is  very  expensive. 
Mobile  or  portable  chippers  should  also  find 
wide  use  in  the  salvaging  of  slabs  and  edgings 
produced  by  portable  sawmills. 

Available  Equipment 

Types  of  chipping  equipment  available  today 
can  be  classified  as  (1)  disk  chippers,  (2)  cyl¬ 
inder  chippers,  and  (3)  wood  hogs.  In  addi¬ 
tion,  hammer  mills  and  shredders  also  produce 
wood  fragments.  Any  of  these  machines  are  or 
can  be  made  portable  and  mobile,  while  most 
of  the  chipping  equipment  can  be  adjusted  or 
modified  to  produce  uniform  chips. 

Disk  Chippers 

Disk  chippers  are  machines  having  a  steel 
disk  attached  at  right  angles  to  a  shaft.  A 
number  of  knives  usually  varying  from  4  to  12 
are  attached  radially  in  slots  that  permit  them 
to  extend  beyond  the  face  of  the  disk.  As  the 
disk  rotates,  the  attached  knives  pass  a  single 
bed  plate  or  square-edged  stationary  knife.  A 
spout  to  hold  the  wood  during  chipping  ex¬ 


tends  from  the  stationary  knife  outward  at  an 
angle  to  the  disk.  Adjustments  of  the  knives 
and  spout  angle  determine  the  size,  shape,  and 
quali^  of  chips  produced. 

A  small  mobile  disk  chipper  manufactured 
and  marketed  in  Massachusetts  is  shown  in 
Fig.  1.  A  tree  trimming  company  has  mounted 


Fig.  1. — Small  mobile  disk  chipper  used  for 
brush  disposal. 


this  same  ch'pper  on  trucks.  The  truck  motor 
is  used  to  supply  power  to  the  chipper,  which 
is  mounted  behind  the  cab.  Chips  are  blown 
directly  into  the  truck  body  behind  the  chipper, 
thus  making  a  complete  tree  trimming  disposal 
unit. 

A  New  York  manufacturer  designed  and 
built  a  portable  10-knife  disk  chipper  for  the 
armed  forces  during  the  war.  Although  this 
unit  has  never  been  marketed  commercially, 
the  manufacturer  is  in  a  position  to  make  addi¬ 
tional  units  if  industry  wants  them.  It  is  a 
compact  chipper  and  power  unit  with  a  base 
area  approximately  4  feet  by  5  feet  using  a 
hollow  frame  for  the  fuel  tank.  The  spout  is 
designed  for  round  wood  up  to  about  3  inches 
in  diameter. 

Neither  of  these  machines  was  designed  spe¬ 
cifically  for  pulpwood,  but  they  do  produce 
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uniform  chips  from  small  round  wood.  There 
is,  however,  a  portable  chipper  of  this  type  for 
pulpwood  up  to  12  inches  in  diameter  now 
being  designed  and  built  for  trial  by  a  Wis¬ 
consin  manufacturer. 

Cylinder  Chippers 

Two  recently  developed  cylinder  chippers 
resemble  the  action  of  planer  or  jointer  heads. 
A  steel  cylinder  on  a  shaft  has  recesses  to  hold 
knives  parallel  to  the  face  of  the  cylinder  as  it 
rotates  the  knives  past  a  single  bed  plate. 
Although  available  machines  arc  designed  for 
brush  disposal,  a  Wisconsin  manufacturer  de¬ 
signed  a  larger  stationary  machine  of  this  type 
designed  to  produce  uniform  pulp  chips  from 
slabs.  Improving  chip  quality  is  justified  be¬ 
cause  of  the  inherent  advantage  of  the  low, 
wide  horizontal  throat  on  this  type  of  machine. 

Depth  of  recess  ahead  of  the  knives  and 
position  of  the  bed  plate  determine  the  size 
and  shape  of  wood  fragments  produced.  Cut¬ 
ting  done  near  the  under  side  of  the  cylinder 


produces  shavings.  Cutting  done  higher  up  on 
the  cylinder  produces  chips. 

A  mobile  machine  of  the  type  manufactured 
in  Massachusetts  is  shown  in  Fig.  2.  A  similar 
one  for  use  on  trailers  is  manufactured  in 
Pennsylvania.  These  machines  are  used  to  dis¬ 
pose  of  brush  along  right-of-ways.  The  wide 
throat,  which  is  especially  designed  for  the  pur¬ 
pose,  permits  easy  passage  of  limby  material. 
It  is  reported  that  round  wood  up  to  6  inches 
in  diameter  or  slabs  can  be  chipped.  As  now 
used  nonuniform  chips  are  produced  and  efforts 
are  being  made  to  determine  their  usability  as 
fuel. 

Wood  Hogs 

The  principal  difference  between  wood  hogs 
and  other  chipping  machines  is  the  number  of 
bed  plate  knives  used.  These  are  usually  two 
to  four  in  number,  spaced  around  one-fourth 
the  circumference  of  the  housing.  Some  ma¬ 
chines  have  only  one  bed  plate  and  produce 
uniform  chips,  but  are,  nevertheless,  called 
hogs. 


Fig.  3. — Mobile  wood  hog  with  a  horizontal  throat  and  power  feed. 

made  of  the  hogged  wood  to  improve  the  soil 
but  no  attempts  have  been  made  to  utilize  it 
for  industrial  purposes.  However,  the  same 
type  of  hog  as  used  for  brush  disposal  has  been 
used  to  produce  uniform  chips  by  changing  the 
knives  and  feed. 

Changes  are  being  made  on  a  V-type  hog  in 
the  Southeast  in  experiments  to  improve  the 
quality  of  chips. 

Hammer  Mills  and  Shredders 

Hammer  mills  and  shredders  are  generally 
designed  to  produce  a  different  type  of  mate¬ 
rial  than  that  for  which  portable  chippers  are 
being  considered.  They  do,  however,  produce 
wood  fragments  suitable  for  certain  types  of 
utilization.  Portable  and  mobile  units  are  used 
for  other  agricultural  products,  and  should  not 
be  overlooked  where  special  sized  wood  prod¬ 
ucts  are  concerned,  such  as  fines  required  for 
refining  ores. 
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Two  types  of  machines  are  made.  One  has 
a  straight  cylinder,  while  the  other  has  a  "V- 
type  cylinder”  that  is  between  a  cylinder  and 
a  pair  of  disks.  The  former  may  have  knives 
extending  the  full  width  of  the  hog  as  on 
cylinder  chippers  or  be  studded  with  many 
short  knives.  On  V-type  hogs  radial  knives 
similar  to  those  on  disk  chippers  are  used. 

A  mobile  wood  hog  manufactured  in  Mich¬ 
igan  is  shown  in  Fig.  3.  Both  two-  and  four- 
wheeled  models  are  made.  These  machines 
have  a  horizontal  throat  similar  to  cylinder 
chippers  and  the  additional  advantage  of  a 
power  feed.  A  straight  cylinder  with  24  knives 
rotates  past  two  bed  plate  knives. 

Other  portable  wood  hogs  have  been  made 
by  individuals  from  standard  chipper  equip¬ 
ment  supplied  by  manufacturers.  These  ma¬ 
chines  are  being  used  to  dispose  of  orchard 
and  shade  tree  trimmings  as  well  as  brush  on 
land  clearing  operations.  Some  use  is  being 
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Factors  Affecting  Machine  Selection 

The  power  required  is  important  in  deter¬ 
mining  the  maximum  size  of  chipper  that  can 
be  used  as  a  mobile  or  portable  unit.  Machines 
that  fragment  wood  by  cutting  and  shearing  re¬ 
quire  considerably  less  power  than  those  that 
break  or  crush  wood.  Thus,  disk  chippers  and 
V-type  hogs  require  the  least  power.  The 
power  requirements  range  from  about  7.5  to 
11  horsepower  to  produce  chips  at  a  rate  of 
one  cord  per  hour. 

Hogs  and  other  machines  that  depend  on 
both  cutting  and  breaking  require  considerably 
more  power.  The  amount  depends  upon  the 
ratio  of  the  two  actions  and  the  size  of  the 
material  produced.  In  general,  it  requires  con¬ 
siderably  more  power  to  produce  fine  wood 
fragments  than  coarse.  Thus,  the  requirements 
may  amount  to  as  much  as  40  horsepower  per 
cord  per  hour. 

The  size  of  the  throat  opening  obviously 
determines  the  size  of  rough  wood  that  can  be 
chipped  by  a  machine.  Hogs  in  general  will 
accept  larger  wood  than  will  disk  chippers  re¬ 
quiring  the  same  horsepower.  The  ratio  of 
horsepower  to  inch  of  opening  varies  with  dif¬ 
ferent  machines  from  1.7  to  15.0  horsepower 
per  inch. 

Insufficient  data  are  available  to  compare 
throat  openings  and  production  rates  with 
weight.  However,  it  appears  that  throat  open¬ 
ing  in  relation  to  machine  weight  is  greater  for 
hogs  than  for  disk  chippers.  In  other  words, 
larger  wood  can  be  chipped  in  a  hog  than  in  a 
disk  chipper  of  the  same  weight.  On  the  other 
hand,  production  in  cords  per  hour  in  relation 
to  weight  appears  to  be  greater  for  disk  chip¬ 
pers  than  for  hogs. 

In  arriving  at  the  above  data  and  consider¬ 
ing  the  suitability  of  machines  for  portable  and 
mobile  operations,  it  is  found  that  V-type  hogs 
are  superior  to  other  hogs.  They  also  appear  to 
have  advantages  over  other  wood  fragmenting 
machines  with  the  possible  exception  of 
cylinder-type  chippers  which  cannot  be  in¬ 
cluded  in  this  comparison  because  of  lack  of 
data. 

Weight  is  an  obvious  consideration  in 
mobile  equipment,  but  production  rate  is 
equally  important.  Output  of  chips  must  be 
balanced  with  the  transportation  system  and 
delivery  of  rough  wood  by  the  logging  crews. 


Other  factors  that  affect  machine  selection  are: 
(1)  state  highway  load  and  dimension  restric¬ 
tions,  (2)  transportation  facilities  used,  (3) 
length  of  haul,  (4)  specification  of  chips  to  be 
produced,  (5)  ability  of  machine  to  withstand 
rough  usage,  (6)  character  and  size  of  raw 
material  to  be  chipped,  (7)  height  of  feed 
spout,  and  (8)  equipment  or  method  used  in 
feeding  rough  wood. 

Handling  the  Raw  Material 

Feeding  wood  to  portable  and  mobile  chip¬ 
pers  is  a  major  consideration  and  a  phase  that 
has  caused  failure  in  some  early  machines. 
With  present  disk  chippers  wood  must  be  ele¬ 
vated  to  the  spout.  As  the  diameter  of  the 
wood  increases  so  do  the  size  of  the  chipper 
and  the  height  of  the  spout.  Thus,  the  heavier 
the  wood,  the  higher  it  must  be  lifted.  This 
condition  imposes  definite  limitations  on  man¬ 
ually  feeding  wood  to  chippers. 

Several  solutions  for  this  problem  have  been 
or  can  be  used.  One  is  to  set  the  chipper  along¬ 
side  a  bank  and  feed  the  wood  in  from*  above. 
Another  is  the  use  of  a  portable  ramp  up 
which  men  carry  the  wood.  Mechanical  feed¬ 
ing  is  possible  by  using  mobile  pulpwood  con¬ 
veyors  of  the  type  used  for  loading  trucks  in 
the  Northeast. 

Disk  chippers  used  on  mobile  and  semiport¬ 
able  operations  have  vertical  spouts.  However, 
others  have  ‘spouts  at  small  angles  from  the 
vertical,  making  them  easier  to  feed.  Improve¬ 
ments  have  been  made  in  spout  and  knife  de¬ 
signs,  but  the  only  radical  change  in  overall 
design  is  a  horizontal  chipper,  which  has  been 
developed  in  Ginada.  This  chipper  is  more  or 
less  standard  design  except  it  h^  been  rotated 
90“  from  vertical.  Developments  that  lower 
the  spout  height  will  increase  the  suitability  of 
disk  chippers  for  portable  operations. 

Cylinder  chippers  have  a  decided  advantage 
in  this  respect  since  the  wood  is  fed  in  nearly 
horizontally.  Wood  need  not  be  up-ended  to 
get  it  into  the  spout.  This  enables  long  or  tree 
lengths  to  be  chipped  and  thus  reduces  buck¬ 
ing  and  other  logging  costs.  Also  the  throat 
design  permits  the  passage  of  limb  stubs  and 
small  branches.  Increased  size  of  these  ma¬ 
chines  results  in  relatively  minor  increases  in 
spout  height. 
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Wood  hogs  are  usually  fed  from  a  near  ver¬ 
tical  position,  but  the  spout  height  in  relation 
to  the  size  of  the  machines  varies  within  rather 
narrow  limits.  Horizontal  power  feeding  is 
used  in  special  applications,  such  as  the  port¬ 
able  brush  hog.  Other  considerations  are  sim¬ 
ilar  to  those  of  the  cylinder  chippers.' 

Handling  and  Transporting  Chips 

Methods  of  loading  and  unloading  transpor¬ 
tation  conveyances  are  different  for  chips  than 
for  rough  wood.  Blowers  and  trough  conveyors 
are  the  most  commonly  used  loading  equip¬ 
ment.  Unloading  is  usually  done  by  the  use  of 
scoop  shovels  or  dumping  mechanisms, 
although  suction  equipment  is  sometimes  used. 
A  special  type  of  truck  with  a  central  conveyor 
powered  by  the  truck  motor  through  a  power 
takeoff  is  also  available. 

The  space  required  for  a  given  weight  of 
chips  is  greater  than  for  the  same  weight  of 
rough  wood.  Variations  occur  depending  upon 
species  of  wood,  moisture  content,  size,  and 
shape  of  chips,  and  other  factors.  Wcwds  of 
various  species  received  and  chipped  at  the 
Forest  Products  Laboratory  have  averaged  243 
cubic  feet  of  green  chips  per  cord  of  wood 
with  variations  from  210  to  291  cubic  feet. 
Shaking  and  other  actions,  however,  cause 
chips  to  slip  and  adjust  themselves  so  that  they 
occupy  somewhat  less  space.  Therefore,  the 
average  figure  of  243  can  be  considered  con¬ 
servative. 

Using  this  average  figure  as  a  basis,  chip 
transportation  by  truck  can  be  compared  to 
pulpwood  hauling.  Commonly  used  pulpwood 
tru^s  haul  3  cords  of  wood.  To  haul  the  same 
weight  or  Volume  of  wood  in  the  form  of 
chips  requires  a  truck  body  with  a  capacity  of 
729  cubic  feet,  or  8  feet  wide  by  12  feet  long, 
and  about  7^^  feet  high.  This  size  of  truck 
body  is  not  uncommon  for  hauling  other  prod¬ 
ucts  and  are  being  used  to  haul  chips  and  shav¬ 
ings  in  the  Southeast.  Similar  trucks,  especially 
■selected  for  this  purpose,  are  used  to  haul 
hogged  wood  on  the  West  Coast. 

Like  computations  can  be  made  for  other 
truck  sizes.  In  general,  properly  selected  trucks 
or  truck  and  trailer  units  can  be  loaded  to 
capacity  with  chips  by  using  bodies  higher  than 
those  to  which  loggers  are  at  present  accus¬ 
tomed. 


Though  the  shipper  cannot  alter  the  size  of 
railroad  cars  as  easily  as  he  can  truck  bodies, 
nor  does  he  have  so  wide  a  selection  of  equip¬ 
ment,  nevertheless  chips  are  being  transported 
by  rail.  Weight  capacity  per  square  foot  of 
floor  space  is  much  greater  for  railroad  cars 
than  for  trucks,  and  there  is  also  a  minimum 
load  requirement  that  may  in  some  cases  be 
difficult  to  meet.  For  example,  a  box  car  with 
a  capacity  of  3,376  cubic  feet  has  a  load  limit 
of  100,000  pounds  or  50  tons.  It  will  hold 
chips  produced  from  approximately  13^^  cords 
of  wood.  The  weight  of  this'  volume  of  chips 
from  the  heaviest  woods  is  considerably  below 
the  maximum,  and  for  light-weight  or  dry 
wood  even  below  the  minimum  requirements. 

In  comparison  with  pulpwood  operations,  it 
is  found  that  approximately  18  to  20  cords  are 
loaded  in  box  cars.  With  heavy  species  it  is 
possible  to  load  to  maximum  weight  limits  and 
only  in  exceptional  cases  drop  below  the  min¬ 
imum  requirements. 

Gondolas  and  hopper-type  railroad  cars  are 
more  frequently  used  for  chips.  They  are  easy 
to  load  and  often  have  trap  doors  in  the  bot¬ 
tom  that  facilitate  unloading  into  mechanical 
conveyors.  One  model  used  for  chips  has  a 
capacity  of  2,547  cubic  feet,  or  the  equivalent 
of  chips  from  about  10.5  cords  of  wood.  By 
heaping  the  chips,  however,  about  three  more 
cords  are  added.  On  an  operation  chipping 
green,  heavy  hardwood  slabs  an  average  of 
60,000  pounds  of  chips  were  being  loaded  into 
cars  of  this  type.  Another  operation  reported 
an  average  of  50,000  pounds  where  some  soft¬ 
wood  chips  were  included. 

Careful  analysis  and  proper  selection  of 
transportation  facilities  are  important  in  reduc¬ 
ing  handling  problems  and  costs. 

Production  Costs 

Costs  that  can  be  profitably  incurred  on 
portable  chipping  operations  vary  considerably 
vdth  the  objective.  In  this  respect  brush  dis¬ 
posal  operations  present  the  most  opportunities 
for  savings  and  the  fewest  problems  to  over¬ 
come.  Production  of  high  quality  chips,  on  the 
other  hand,  presents  the  most  problems  and  a 
narrower  margin  for  profitable  operation. 

The  available  cost  data  on  mobile  and  port¬ 
able  chipping  operations  are  extremely  limited. 
Costs,  however,  on  one  brush  disposal  opera- 
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tion  using  a  portable  hog  and  a  two-man  crew 
were  as  follows:  Depreciation  $125.45  per 
year;  gasoline  gallons  per  hour;  oil,  grease, 
and  maintenance  5  cents  per  hour. 

Cost  data  on  semiportable  operations  are 
comparable  to  mobile  and  portable  operations. 
A  very  good  analysis  of  these  costs  has  been 
compiled  by  James  T.  Morgan  of  the  Central 
States  Forest  Experiment  S;:ation,  Columbus, 
Ohio,  and  published  in  a  bulletin  entitled 
'’The  Production  of  Wood  Chips  for  Coarse 
Fiber  in  the  Central  S.ates  Region.”  These  data 
indicate  that  on  operations  where  stacked  cord- 
wood  is  moved  from  the  storage  yard  to  the 
chipper  and  then  chipped  and  conveyed  into 
railroad  cars,  the  cost  is  $2.00  to  $3.00  or 
more  per  cord  or  $1.00  to  $1.50  per  ton.  In 
the  same  area  on  similar  operations  it  requires 
two  man-hours  to  load  a  cord  of  wood  into  a 
railroad  car  from  a  stock  piles.  On  contracts 
the  work  is  done  for  $2.50  to  $2.80  per  cord. 
Under  these  conditions  the  cost  of  producing 
chips  is  comparable  to  the  cost  of  hand-loading 
cordwood. 

The  rate  of  producing  chips  for  truck  haul 
must  equal  or  exceed  the  rate  of  hand-loading 
wood  where  storage  bins  are  not  used.  For  ex¬ 
ample,  in  the  Central  States  it  requires  one 
man-hour  to  load  a  cord  of  wood.  Thus,  with 
the  common  three-man  crew  a  truck  is  idle  one 
hour  while  loading  three  cords  of  wood.  Under 
these  conditions  a  portable  chipper  must  handle 


at  least  three  cords,  or  six  tons  per  hour,  to 
deliver  the  same  amount  of  wood.  Similar  com¬ 
parisons  can  be  made  to  determine  the  chipper 
capacity  required  to  compete  with  other  wood 
handling  methods  in  any  given  area.  In  any 
analysis,  however,  it  will  be  found  that  the  cost 
of  chipper  operation  is  low  in  comparison  to 
the  cost  of  labor  employed  in  handling  wood. 

On  any  operation  the  weight  that  must  be 
handled  by  man  is  a  limiting  factor.  Therefore, 
low  feed  spouts,  mechanical  handling,  and 
chipping  long  lengths  at  rates  balanced  with 
transportation  and  other  phases  contribute 
materially  to  savings  on  portable  chipping 
operations. 

Desirable  Improvement  of  Present  Machines 
and  Additional  Information  Needed 

Wood  harvesting  operations  using  portable 
and  mobile  chippers  are  still  in  the  develop¬ 
mental  stage.  The  principal  factors  retarding 
expanded  use  has  b^n  the  limited  selection  of 
machines  and  transportation  equipment  speci¬ 
fically  designed  for  the  job.  Other  factory  have 
included  inadequate  planning,  supervision,  and 
coordination  with  cutting  and  skidding  opera¬ 
tions.  Lack  of  equipment  to  remove  or  reduce 
the  percentage  of  bark  and  manufacturing 
processes  that  use  bark  have  also  contributed 
to  unsuccessful  attempts. 

Mobile  chipping  machines  specifically  de¬ 
signed  for  brush  disposal  are  in  successful 


Table  1. — Summary  of  Various  Kinds  of  Wood  Fragments,  and  Their  Uses,  and  SpEaricATioNS 


Product 


Uae 


How  produced 


,Speciflcat!oni 


Chip* _ Pulp  and  paper  industry 

Chips . Wood  hydrolysis 

Chips . Ore  reflnins;  manufac¬ 

turing  steel 


Chips... . Gas  filtering  and  refining 

Hogged  wood _ FW 

Hogged  wood . Wood  hydrolysis 

F^iel,  fiber,  chemical,  and 


Wood  is' severed  across  its  fibers 
and  split  along  the  grain  at  0.6 
to  1-inch  controlled  intervals 
along  the  grain  to  produce  chips 
of  uniform  size. 

_ _ do _ 


do. 


do. 


Random  fragmentation  by  severing 
er  breaking  wood  along  or  across 
the  grain  or  at  any  intermediate 
anrie  to  produce  non-uniform 
chiiM.  Is  a  product  of  sawmill 
ana  wood-fuel  industries. 
_ do _ .... 


Exacting.  Chips  must  be  of  uniform 
size  within  narrow  limits.  Crushing 
of  wood  fibers  is  undesirable.  Some 
bark  is  permissible  in  certain  processes; 
others  require  bark-free  chips. 

Should  pack  wdl  in  digester.  Some  • 
processes  can  utilize  bark;  others 
tolerate  percentages  slightly  in  excess 
of  that  normally  found  in  round  wood. 

Size  and  form  reouirements  vary.  In  one 
case  chips  or  fragments  as  large  as 
possible  are  used  with  or  without  bark 
in  the  carbonizing  process;  in  another, 
smail  chips  more  nearly  resembling 
sawdust  are  required. 

To  be  chemically  treated.  Should  be 
relatively  long  and  thin,  somewhat 
between  chips  and  shavings.  Some 
bark  permissible.  Should  not  pack 
tightly. 

Fragments  of  vaiying  sizes  and  shapes. 
BMt  mixed  with  sawdust  for  use  in 
some  burners. 


Same  as  for  chips. 
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operation.  Semiportable  chipping  plants  are 
producing  chips  for  utilization  and  shipping 
them  long  distances  to  processing  plants. 

Information  gained  from  these  operations  in¬ 
dicates  desirable  improvements  in  chipper  de¬ 
sign  and  other  factors  that  must  be  considered 
on  mobile  and  portable  operations.  They  also 
indicate  the  feasibility  of  operations  and  ap¬ 
proaches  to  future  improvements. 

In  order  to  gain  these  advantages,  additional 
improvement  in  the  machines  themselves,  re¬ 
search  to  utilize  the  material  they  produce,  and 
determination  of  economic  limitations  are 
needed. 

Two  lines  of  advancement  in  machine  devel¬ 
opment  seem  apparent.  The  first  is  to  im¬ 
prove  brush  disposal  machines  so  that  chip 
quality  can  be  adjusted  to  meet  utilization  re¬ 
quirements  and  increase  the  size  of  machines  so 
that  larger  sizes  of  rough  wood  can  be  chipped. 
The  second  is  to  develop  machines  specifically 
designed  to  produce  uniform  chips  from  wood 
and  meet  the  other  requirements  of  portable 
and  mobile  operations. 

Research  is  needed  to  determine  the  pulping 
characteristics,  limitations,  and  necessary  refine¬ 
ment  of  chips  and  hogged  wood  now  pro¬ 
duced  by  brush  disposal  machines  from  various 
sizes  and  species  of  wood.  Similar  efforts  are 
needed  for  other  processes,  such  as  chemical 
conversion,  or  even  for  development  of  new 
processes  to  utilize  this  material. 

Among  refinements  that  are  desirable  or  nec¬ 
essary  is  the  reduction  of  bark  content  in  chips. 
Several  methods  are  being  experimented  with 
to  reduce  the  bark  content  after  chipping.  The 
extent  of  these  efforts  and  the  factors  involved 
should  be  determined.  Then,  if  necessary,  the 
work  should  be  expanded. 

There  are  limitations  in  diameter  and  length 
of  rough  wood  that  can  be  economically  chipped 
for  further  processing.  Beyond  these  limits 
chipping  may  be  desirable  and  in  some  cases 
justified  to  utilize  chips  for  improving  the  soil 
or  the  conditions  of  the  forest  floor.  Such  eco¬ 
nomic  limitations  need  to  be  determined  for 
chipping  raw  wood  with  portable  and  mobile 
chippers. 

Discussion 

Charles  S.  Walters  (Illinois  Agricultural  Ex¬ 
periment  Station) ;  The  estimate  of  |5,000 


(given  by  the  preceding  speaker)  is  about  half 
of  what  a  portable  chipper  suitable  for  the  Mid¬ 
west  would  probably  cost.  The  chipper  itself 
would  cost  about  $2,000,  a  diesel  engine  would 
cost  about  $4,000,  and  the  frame,  profit,  and 
a.ssembly  costs  would  run  the  total  cost  consid¬ 
erably  above  $5,000. 

We  have  about  four  or  five  plants  in  Illi¬ 
nois  converting  cordwood  pur^ased  locally 
into  fiber  for  roofing  felt,  and  portable  chip¬ 
pers  have  been  discussed  many  times.  The 
term  "portable”  can  include  a  wide  range  of 
machines:  One  can  be  portable  if  it  is  hauled 
on  the  bed  of  a  l^^-ton  truck  for  woods  op¬ 
erations;  another  if  it  is  hauled  on  a  flat  car 
which  is  moved  from  one  concentration  yard 
to  another.  A  woods  chipper  in  Illinois  must 
be  designed  so  that  it  can  be  moved  in  bottom¬ 
land  timber  which  often  grows  in  rather  wet 
sites. 

Officials  of  the  Ruberoid,  Barretts,  Johns- 
Mansville,  and  Certain-teed  companies  tell  me 
that  a  100-HP  engine  is  too  small  for  the  chip¬ 
pers  they  use — which  have  a  12-  to  15-inch 
throat.  A  150-  to  200-HP  unit  is  about  the 
minimum  size  that  will  do  a  satisfactory  chip¬ 
ping  job.  If  the  engine  is  too  small,  the  hard¬ 
wood  sticks  will  slow  the  engine  down  to  the 
point  where  the  chips  become  too  thick  to  proc¬ 
ess  satisfactorily.  An  engine  of  this  size  weighs 
a  considerable  amount  and  is  expensive. 

Converting  hardwood  slash  into  felt  fiber  is 
good  utilization  practice,  but  I  believe  Jim  Mor¬ 
gan  of  the  Central  States  Forest  Experiment 
Station  found  that  it  is  not  currently  economical. 

Mr.  Fobes:  Comparison  of  dipper  costs 
given  by  Dr.  Walters  and  the  previous  speaker 
is  difficult  because  each  probably  has  in  mind 
a  different  type  of  chipper.  In  either  case  the 
chipper  cost  is  not  so  important  as  the  cost  of 
labor  and  transportation  of  chips  compared 
with  similar  costs  of  handling  cordwood. 

As  pointed  out  by  Dr.  Walters,  the  term 
portable  is  confusing,  and  for  that  reason  an 
attempt  has  been  made  in  this  paper  to  differ¬ 
entiate  between  mobile,  portable,  and  semi¬ 
portable  chippers.  Mobile  or  portable  chippers 
are  the  most  desired  for  woods  operations, 
although  the  majority  of  those  in  use  are  semi- 
portable  or  fixed. 

There  are  a  number  of  good  references 
dealing  with  power  requirements  of  chippers. 
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There  is,  however,  some  variation  due  to  auxili¬ 
ary  flywheels,  flywheel  effect  of  the  chipjjer 
disk,  and  other  design  features.  A  good  refer¬ 
ence  on  this  subject  is  "The  Wood  Chipper” 
by  H.  W.  Rogers,  published  in  Paper  Industry 
and  Paper  World,  September  and  October 
1948. 

Mr.  Walters:  What  is  the  average  diameter 
of  the  material  being  considered  as  suitable  for 
producing  chips  in  a  portable  chipper?  For 
example,  in  some  areas  perhaps  a  chipper  with 
a  6-inch  throat  is  all  that  is  required.  In  the 
Central  hardwoods  a  12-  to  15 -inch  throat  is 
needed. 

Mr.  Fobss:  Not  over  12  inches  in  the  East. 

Woodrow  W.  Kjng  (Texas  A  &  M  Col¬ 
lege)  :  I  am  currently  engaged  in  conducting  a 
survey  of  mill  waste  in  Texas.  One  of  the  ob¬ 
jectives  of  the  survey  is  an  attempt  to  determine 
the  amount  of  "chippable  waste”  available 
through  the  waste  components  of  slabs,  edg¬ 
ings,  and  trim.  What  information  is  available 
on  the  minimum  size  of  material  that  can  be 
used  in  portable  chippers? 

Mr.  Fobes:  The  minimum  size  of  material 
that  can  be  chipped  in  portable  chippers  is  not 
generally  considered  an  important  factor  with 
slabs  and  edgings.  The  length  of  the  material 
is  the  only  important  dimension,  since  it  must 
exceed  the  width  of  the  throat  so  that  the 
material  will  not  turn  crosswise.  Slabs  and  edg¬ 
ings  generally  proceed  endwise  through  chip¬ 
pers  producing  uniform  chips,  but  short  pieces 
that  can  turn  sideways  produce  splinters. 

A.  F.  War  dwell  (Carthage  Machine  Com¬ 
pany)  ;  Insofar  as  we  know,  the  first  portable 
chipper  was  built  by  the  Carthage  MLachine 
Company  in  1939  for  the  Hummel-Ross  Fibre 
Company,  Hopewell,  Va.  It  was  essentially  a 
standard  machine  which  Mr.  Fred  Hummel 
mounted  on  a  four  wheel  chassis  with  a  Diesel 
engine.  The  unit  was  towed  into  the  woods 
by  a  tractor  which  was  periodically  discon¬ 
nected  and  used  to  drag  wood  to  the  chipper. 
When  a  radius  of  about  300  yards  was  cov¬ 
ered  if  was  moved  to  a  new  location.  Chips 
were  blown  into  a  high-sided 'trailer  or  truck 
and  hauled  direct  to  a  paper  mill.  The  pur¬ 
pose  of  the  operation  was  to  make  use  of 
limbs  and  tops  abandoned  in  pulpwood  cutting 
and  thus  to  obtain  a  cheap  source  of  fibre. 


Chips  were  delivered  to  the  mill  some  20  to  25 
percent  cheaper  than  they  could  be  produced 
then  by  conventional  means.  The  unit  was  dis¬ 
assembled  when  the  war  started  and  has  not 
been  used  by  the  new  mill  ownership. 

One  small  chipper  was  built  by  the  Carthage 
Machine  Company  during  the  war  for  the 
Corps  of  Engineers,  U.  S.  Army.  The  plan  was 
to  fly  the  chipper  to  a  new  airstrip  and  produce 
chips  on  the  site  for  camouflage  purposes.  The 
chips  were  to  be  painted  and  spread  over  the 
air  field  since  it  was  known  that  visibility  of  air 
fields  from  the  air  depended  not  only  on  color 
but  texture.  The  venture  was  reported  as  suc¬ 
cessful,  but  air  supremacy  precluded  going  into 
it  on  a  large  scale. 

At  the  present  time  there  is  no  truly  portable 
chipper  we  know  of  that  is  satisfactory  for  pro¬ 
ducing  good  paper  chips.  There  are  a  few  ex¬ 
cellent  machines  on  the  market  for  brush  dis¬ 
posal.  (Carthage  Machine  Company  is  develop¬ 
ing  a  new  portable  chipper  but  does  not  now 
consider  its  earlier  models  sufficiently  portable 
or  light  in  weight  to  meet  the  requirements  that 
are  developing). 

Mr.  Fobes:  The  chipper  described  by  you  is 
the  one  referred  to  in  my  paper  as  being  used 
in  the  Southeast  about  1940.  The  reasons  for 
its  discontinuance  involve  too  many  factors  to 
be  adequately  discussed  at  this  time.  Briefly, 
however,  the  more  important  factors  involved 
wood  handling  and  bark.  I  might  add  that 
chips  from  the  chipper  were  blown  against  a 
screen  that  passed  the  fines,  thus  reducing  the 
bark  cwitent. 

Those  persons  I  have  talked  to  who  were 
connected  with  the  operation  generally  agreed 
that  continuation  was  justified  with  modified 
wood-handling  methods.  Due  to  the  radical 
change  in  economic  conditions  the  cost  lata 
obtained  at  that  time  will  not  be  applicable 
now.  The  operation  did,  however,  prove  that 
mobile  chippers  are  mechanically  feasible,  and, 
under  certain  conditions,  economically  justified. 

The  portable  chipper  built  for  the  Army  was 
excellently  designed.  It  was  later  purchased 
from  war  surplus  by  an  industrial  firm  that 
operated  it  as  a  supplementary  stationary  unit. 
At  the  time  of  my  investigation  there  were  no 
available  operating  data  applicable  to  portable 
operations. 


52 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Wood  Fibers  From  Veneer  Waste 


Armin  Elmendorf 

President  Elmendorf  Resenrch,  Inc,,  Chicago,  Illinois 


A  machine  for  producing  $ttand>like  fibers  out  of  veneer  waste  is  described.  The  fibers  are  cut  at  the  rate 
of  about  1  ton  per  hour.  ThW  can  be  felted  by  mechanical  meins  and  lend  tbem:e.ves  to  the  manuhaure  of 
hi  hly  fi.e-rcs'stant  wall  boirds  whose  manufacturing  cost  will  be  far  below  that  of  plywood.  Such  boards  in 
the  >/2-inch  thi.kness  are  mudi  stronger  and  stifier  than  insulation  boards  of  the  same  thickness. 


PRACTICALLY  all  persons  visiting  ply¬ 
wood  factories  for  the  first  time  are  im¬ 
pressed  with  the  vast  amount  of  veneer 
that  falls  into  the  waste  conveyor  and  is  car¬ 
ried  from  there  to  the  power  house  to  be  used 
as  fuel. 

When  used  as  fuel,  veneer  waste  is  worth 
only  about  $4.00  to  |6.00  per  ton,  dry  basis, 
depending  upon  the  current  value  of  competi¬ 
tive  fuels,  such  as  oil  or  coal.  Roughly  speak¬ 
ing,  if  coal  costs  $12.00  per  ton,  wood  waste  is 
worth  about  $6.00  per  ton,  as  the  fuel  value  of 
wood  is  about  one-half  of  that  of  coal.  The 
problem  in  utilizing  veneer  waste  is,  therefore, 
to  give  it  a  value  exceeding  $6.00  per  ton.  It 
should  be  borne  in  mind,  of  course,  that  in 
some  localities  wood  waste  is  worth  substan¬ 
tially  less  than  $6.00  per  ton;  whereas  in 
others,  as  for  example  those  near  a  paper  mill, 
veneer  waste  that  is  free  of  bark  may  command 
double  this  price. 

Possibly  the  most  unique  property  of  wood 
is  its  high  tensile  strength  parallel  to  the  grain 
per  unit  of  weight.  It  has  been  frequently 
pointed  out  that  in  this  respect  some  woods  are 
superior  to  mild  steel.  If  wood  is  converted 
into  long  strands  or  fibers,  its  high  tensile 
strength  and  stiffness  can  be  used,  but  it  is  im¬ 
perative  that  such  fibers  have  ample  length  so 
that  they  can  be  held  adequately  with  binders. 
This  means,  furthermore,  that  the  fibers  or 
strands  must  have  a  small  cross  section,  for 
otherwise  the  resistance  to  rupture  will  exceed 
the  bonding  strength  with  which  the  fiber  is 
held  in  place. 

A  balance  between  strength  of  bond  and 
tensile  strength  is  highly  desirable.  In  veneer 
waste  we  have  a  uniquely  useful  raw  material 
in  that  one  dimension  of  the  desired  strands 
has  been  established  by  the  act  of  cutting  the 
veneer.  By  cutting  the  edge  of  veneer  in  a 


manner  resembling  that  of  planing  the  edge  of 
a  board  we  obtain  strands  or  fibers  whose 
width  is  the  thickness  of  the  veneer,  and 
whose  other  dimensions,  namely  thickness  and 
length  can  be  controlled.  The  thickness,  as 
previously  stated,  should  be  as  small  as  is  me¬ 
chanically  feasible  in  order  that  the  tensile 
strength  of  the  resultant  strand  may  not  be 
greater  than  the  strength  of  the  bond  holding 
it  in  place.  Tests  made  by  Elmendorf  Research, 
Inc.  have  shown  that  strands  of  this  kind  can 
be  economically  cut  if  their  thickness  ranges 
from  about  0.010  to  0.015  inches. 

The  optimum  length  of  the  strand  is  deter- 
m’ned  by  two  considerations.  As  previously 
stated,  it  must  be  adequate  to  provide  sufficient 
length  for  bonding  purposes,  but  on  the  other 
hand  its  length  must  not  be  so  excessive  that 
it  introduces  mechanical  difficulties  in  the  for¬ 
mation  of  the  desired  end  product.  We  have 
found  that  new  types  of  wall  board  can  be 
made  of  the  veneer  waste  fibers.  It  is  highly 
desirable  that  all  hand  labor  be  eliminated  in 
the  manufacture  of  such  boards.  In  order  to  be 
able  to  felt  the  fibers  into  a  uniform  board-like 
product  by, mechanical  means,  we  have  found 
it  necessary  to  limit  the  length  to  about  6  or  8 
inches.  Fibers  of  conventional  excelsior  length 
tend  to  snarl  and  lump  and,  therefore,  do  not 
lend  themselves  to  mechanical  felting.  For  this 
purpose  most  of  the  fibers  must  be  thrown  and 
deposited  as  individual  strands.  On  the  other 
hand,  unless  the  strands  are  at  least  1  to  2 
inches  long  they  do  not,  as  a  rule,  provide  ade¬ 
quate  bonding  strength. 

To  summarize:  For  the  best  utilization  of 
veneer  waste  in  the  manufacture  of  new  wall 
boards  and  building  slabs,  it  appears  that  the 
fibers  or  strands  into  wh'ch  the  veneer  is  con¬ 
verted  should  have  a  width  equal  to  the  thick¬ 
ness  of  the  veneer,  a  strand  thickness  of  from 


53 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Fig.  1. — Machine  designed  by  Elmendorf  Research.  I.ic.  for  converting  veneer  waste  into  strand-like  fibers. 
(G)urtesy  of  the  Harbor  Plywood  Corporation.) 
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0.010  to  0.015  inches  and  a  strand  length  rang¬ 
ing  from  1  to  8  inches. 

Fiber  Cutting  Machine 

Considerable  work  has  been  done  in  the 
laboratory  of  Elmendorf  Research,  Inc.,  over  a 
period  of  years  in  the  development  of  a 
machine  that  would  produce  fibers  of  the  type 
and  size  mentioned.  A  great  deal  of  our  re¬ 
search  work  has  also  gone  into  the  utilization 
of  such  fibers  for  the  production  of  useful 
board-like  products.  Following  the  successful 
completion  of  a  laboratory  machine  for  reduc¬ 
ing  veneer  waste  to  fibers  of  the  type  described, 
a  full-sized  machine  for  cutting  fibers  in  com¬ 
mercial  quantities  was  built.  The  latter 
machine  has  now  been  completed  and  tested. 
It,  too,  produces  the  desired  fibers.  This 
machine  is  illustrated  in  Fig.  1. 

It  may  be  seen  from  the  illustration  that 
veneer  waste  of  random  width,  shape  and 


thickness,  previously  cut  to  a  maximum  length 
of  1  foot  is  placed  upon  a  conveyor  belt  diat 
carries  it  forward  into  the  clamping  mechan¬ 
ism,  which  in  turn  feeds  it  continuously 
against  the  face  of  the  cutting  disc.  All  types 
of  green  veneer  waste  commonly  observed  in 
waste  conveyors  can  be  used,  as  for  example, 
fish  tails,  narrow  strips,  split  veneers,  and 
knotty  material.  In  its  progress  to  the  cutting 
disc,  the  bed  of  randomly  placed  veneers, 
which  is  about  4  inches  thick,  is  cut  down  the 
middle  with  a  circular  saw,  thereby  producing 
two  separate  continuous  beds  each  4  inches 
thick  and  6  inches  wide. 

It  may  be  noted  that  the  flat  side  of  the 
strands  cut  is  edge-grained,  and  that  when  such 
strands  are  felted  the  broad  surface  of  most 
strands  lies  parallel  to  the  faces  of  the  resultant 
board.  The  advantages  inherent  in  edge¬ 
grained  wood  are  thereby  incorporated  in  the 
board.  The  dimensional  changes  of  wood  in 
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the  radial  direction  due  to  moisture  changes 
are  roughly  only  about  one-half  of  those  in  the 
tangential  direction.  As  minimum  dimensional 
change  is  one  of  the  most  important  physical 
properties  of  all  wall  boards,  it  is  highly  desir¬ 
able  that  the  strand5  be  so  cut  and  placed  that 
they  show  edge-grain  when  positioned  in  the 
final  board.  This  is  the  result  obtained  with 
the  fibers  produced  by  the  fiber  cutting 
machine  we  have  designed  and  built. 

The  machine  illustrated  cuts  ^-inch  and 
1/10-inch  Douglas  fir  veneer  waste  into  fibers 
at  the  rate  of  about  one  ton  per  hour.  In  com¬ 
mercial  use  these  fibers  will  be  drawn  away 
from  the  fiber  cutting  machine  by  air  suction 
to  be  transferred  either  to  a  dryer,  or  to  be 
carried  in  the  green  state  to  mixing  machinery 
for  coating  with  appropriate  binders. 

Veneer  Fiber  Boards 

Various  binders  can  be  used  for  binding 
together  the  fibers  produced  with  the  machine 
described,  but  of  these,  two  types  are  of  major 
importance.  One  type  of  binder  producing  a 
highly  useful  board  is  the  synthetic  resin 
binder,  such  as,  urea  and  phenol  formaldehyde 
resins.  On  account  of  their  cost,  such  resins 
must  be  used  in  the  minimum  amount  consist¬ 
ent  with  obtaining  the  desired  physical  prop¬ 
erties  in  the  end  product.  If  urea  resin  is  used, 
satisfactory  bonds  can  be  obtained  with  a  resin 
content  ranging  from  10  to  20  percent.  The 
fibers  freshly  coated  can  be  bonded  in  a  hot¬ 
plate  press  without  surface  ventilation,  if  the 
pressure  used  does  not  shut  off  internal  venti¬ 
lation  within  the  board.  The  resultant  board 
must  be  somewhat  porous.  Boards  having  a 
density  of  from  0.^  to  0.80  made  in  this 
manner  have  a  modulus  of  rupture  ranging 
from  3,000  to  4,000  p.s.i.  Such  boards  need 
not  be  subsequently  finished  in  any  manner  as 
the  fibers  have  a  thin  coat  of  resin,  and  the 
natural  color  of  the  wood  is  substantially  main¬ 
tained.  They  may,  of  course,  be  finished  by 
painting  or  varnishing  if  desired. 

Wall  boards  4  by  8  feet  in  size  and  ^  inch 
thick  have  now  been  produced  with  the  veneer 
waste  fibers.  The  texture  of  the  board  surface 
is  attractive  and  is  generally  regarded  as  having 
excellent  decorative  value. 

When  phenolic  resins  are  used,  superior 
weather  resistance  is -provided,  but  the  board 


produced  is  darker  and,  therefore,  not  so  satis¬ 
factory  for  wall  board  use  in  house  interiors. 

Fig.  2  shows  various  types  of  wall  board 
made  of  veneer  waste  fibers  and  also  a  small 
pile  of  veneer  fibers  produced  by  the  fiber  cut¬ 
ting  machine  described.  Panel  No.  3  in  this 
figure  shows  a  ^-inch  board  made  with  urea 
binder. 

Sample  No.  3  in  the  illustration  is  cut  from 
a  plaster  base  made  of  the  veneer  waste  fibers 
bonded  together  with  portland  cement  to 
which  certain  chemicals  have  been  added.  This 
plaster  base  is  %  inch  thick,  and  16  by  48 
inches  in  size.  Only  about  one-third  of  a  poun<l 
of  fibers  are  required  per  square  foot  of  board 
Being  porous,  this  plaster  base  provides  a  supe 
rior  surface  for  the  keying  of  plaster.  Simila 
products  have  been  used  in  Europe  for  severa 
years  on  a  very  large  scale.  The  Europeai. 
products  are,  however,  made  of  excelsioi, 
which  is  a  much  more  expensive  fiber;  further¬ 
more  the  formation  of  the  board  abroad  is  a 
hand  operation,  whereas  the  veneer  fibers  pro¬ 
duced  as  described  can  be  mechanically  felted. 

Observations  made  in  several  plywood  fac¬ 
tories  indicate  that  the  weight  of  the  veneer 
waste  may  be  about  one-third  the  weight  of  the 
plywood  manufactured.  If  all  the  veneer  waste 
available  in  an  average  Douglas  fir  plywood 
plant  could  be  converted  into  board  for  use  as 
a  plaster  base,  the  footage  of  the  board  pro¬ 
duced  would  equal  approximately  the  footage 
of  the  plywood  produced  by  the  factor,  as  only 
about  a  third  of  a  pound  of  fibers  is  required 
per  square  foot. 

A  third  board  product  that  can  be  made 
using  inorganic  binders  is  shown  at  No.  2  and 
No.  4  of  Fig.  2.  Specimen  No.  2  has  been 
given  a  finer  surface  texture  by  the  use  of  a 
surface  layer  of  fine  fibers.  Specimen  No.  4 
shows  the  texture  obtained  with  fibers  cut  from 
^-inch  Douglas  fir  veneer  waste.  Both  boards 
are  ^  inch  thick.  They  are  highly  fire-resistant, 
and  they  are  a  great  deal  stronger  and  stiffer 
than  conventional  ^-inch  insulation  boards. 
These  boards  can  be  made  in  wall  board  sizes 
in  a  continuous  operation  by  mechanical  means, 
a.  practically  all  of  the  hand  labor  involved 
in  the  manufacture  of  plywood,  for  example, 
can  be  eliminated.  The  estimated  cost  of  mate¬ 
rials  of  these  boards,  in  the  inch  thickness 
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is  less  than  1  cent  per  square  foot  if  we  assume 
the  veneer  waste  to  be  worth  $6.00  per  ton; 
and  the  estimated  total  manufacturing  cost, 
when  produced  on  an  efficient  commercial 
scale,  will  probably  not  exceed  1^  cents  per 
square  foot.  This  estimated  cost  covers  all 
materials,  labor,  and  overhead. 

It  may  be  seen,  therefore,  that  new  types  of 
highly  useful  building  boards  can  be  made  out 
of  veneer  waste,  and  that  such  boards  have 
some  desirable  properties  that  plywood  does 
not  have  as,  for  example,  fire-resistance. 

Moreover,  when  inorganic  binders  are  used, 
such  boards  are  not  only  fire-resistant,  but  if 
their  porosity  is  maintained  in  manufacture, 
they  also  absorb  sound  and  are  useful  for 
sound  quieting  purposes.  They  may  be  used  as 


a  base  for  plaster  or  they  may  be  painted  or 
left  in  their  natural  white  color.  Their  manu¬ 
facturing  cost  will  be  far  below  that  of  ply¬ 
wood,  and  furthermore  the  total  footage  that 
can  apparently  be  produced  out  of  the  veneer 
waste  of  the  plywood  industry  may  approach 
the  total  footage  of  plywood  produced  by  the 
industry. 

Discussion 

Richard  L.  Burkhart  (National  Veneer  and 
Lumber  Co.)  :  Can  hardwood  waste  be  used 
satisfactorily.? 

Mr.  Elmendorf:  Hardwood  veneers  can  be 
cut  successfully  on  the  Elmendorf  machine. 
Some  hardwoods  (and  redwood)  have  solubles 
that  inhibit ‘setting  of  Portland  cement.  These 


Fig.  2  . — ^Various  types  of  wall  board  made  of  vender  waste  fbers.  (1)  Strand-like  fibers  produced  from 
waste  veneer  by  the  Elmendorf  fiber  cutting  machine.  (2)  A  fire-resistant  wall  board  made  of  veneer  waste 
fibers  and  having  a  finer  fiber  in  the  face.  (3)  A  V4*inch  board  made  of  veneer  waste  fibers  bonded  with 
urea  resin.  (4)  A  fire-resistant  wall  board  Vi  i^'ch  thick  made  of  veneer  waste  fibers,  bonded  with  an  inor- 
^nic  binder.  (3)  Sample  cut  from  a  plaster  base  %  inch  thick,  size  16  by  48  inches,  made  of  veneer  waste 
fibers,  bonded  with  portland  cement. 
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can  generally  be  dissolved  out  with  mild  code, 
which  adds  somewhat  to  the  cost.  Oaks  cannot 
be  used. 

Mr.  Burkhart:  Can  dry  waste  be  used  satis¬ 
factorily  in  the  process? 

Mr.  Elmendorf:  Material  should  be  cut 
green,  but  for  some  processes  the  fibers  must 
be  dried  before  the  binders  are  added. 

Burdett  Green  (American  Walnut  Manufac¬ 
turers  Association) :  Does  15  to  20  tons  per 
day  of  available  waste  require  a  reasonable 
investment  ? 

Mr.  Elmendorf:  It  requires  a  hot  plate  press 
for  urea  and  phenolic  bonded  boards.  Portland 
cenient  board  requires  a  special  felting  ma¬ 
chine,  costing  not  over  $50,000. 

C.  K.  Text  or  (The  Bauer  Bros.  Co.)  ;  What 
is  the  nature  of  the  felting  machine? 

Mr.  Elmendorf:  I  prefer  to  elaborate  in  a 
separate  paper.  Felting  is  fully  mechanical. 


E.  George  Stern  (Virginia  Polytechnic  Insti¬ 
tute)  :  Considerable  amounts  of  hogged  wood 
waste  and  sawdust  are  available  for  molding 
of  wall  and  core  boards.  By  adding  adequate 
amounts  of  synthetic  binders,  satisfactory 
boards  have  been  produced  with  these  wastes. 
The  suggested  use  of  strand-like  fibers  from 
veneer  waste  may  result  in  a  certain  decrease 
in  required  amount  of  binder,  in  comparison 
with  that  required  according  to  present  mold¬ 
ing  practice,  because  of  the  length  of  the 
strands  and  the  possibility  of  properly  felting 
them  into  board  products.  On  the  other  hand, 
the  cost  of  manufacture  of  strand-like  fibers 
and  their  felting  may  compensate  for  the  de¬ 
crease  in  cost  of  required  binder.  A  compari¬ 
son  of  production  cost  data  for  boards  having 
similar  physical  and  mechanical  properties 
could  be  helpful  in  deciding  which  raw  mate¬ 
rials  can  produce  the  most  economical  product. 
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Relationship  of  Small  Permanent-Type  Sawmills 
to  Better  Forest  Utilization  in  the  Northeast 

Siegfried  W.  Tolle 

President,  Northeast  Wood  Products,  Inc.,  Pownal,  Vermont 

The  diminishing  quantity  as  well  as  quality  of  saw  timber  in  the  Northeast  and  the  gradual  accepnnce  of 
better  forest^  management  practices  has  made  the  small  permanent-t>pe  sawmill  an  ideal  means  for  fully  utiliz¬ 
ing  the  available  t  mber  resources  of  this  region.  Such  important  taaors  as  mill  location,  labor,  power,  re- 
manufacturing  facilities  and  general  efficient  operation  are  briefly  evaluated  in  their  relationship  to  overall 
forest  utilization. 


Historical  Badcground 

O  GAIN  a  better  insight  into  the  present 
logging  and  lumbering  trends  in  the 
Northeast,  it  is  best  to  review  the  devel¬ 
opments  in  this  industry  since  its  conception  in 
colonial  times.  When  the  first  settlers  set  foot 
on  the  cold,  rugged  New  England  shores  they 
were  confronted  with  the  immediate  problem 
of  constructing  shelter  to  protect  them  from 
the  approaching  winter  as  well  as  the  sup¬ 
posedly  savage  Indians.  They  turned,  naturally, 
to  the  surrounding  forests  for  their  building 
material  and  with  broad  axe  and  whipsaw 
fashioned  their  first  simple  dwellings.  Eventu¬ 
ally  as  the  colonies  enlarged  greater  demands 
were  made  on  the  native  forests  for  wood 
products  other  than  that  merely  for  home  con¬ 
struction.  Ship  building  and  a  budding  furni¬ 
ture  industry  called  for  ever  increasing  supplies 
of  lumber  and  this  great  demand  inevitably  led 
to  the  construction  of  a  sawmill. 

The  exact  date  and  birth  place  of  the  first 
sawmill  erected  in  America  is  rather  uncertain 
but  it  is  generally  believed  to  have  been  about 
1631  and  the  place.  South  Berwick,  Maine.' 
This  mill,  as  well  as  others  that  followed  it, 
was  located  on  a  river  which  supplied  both  the 
necessary  power  and  transportation.  Here  logs 
were  sawn  into  lumber  by  means  of  single 
bladed  up-and-down  saws,  really  a  mechanical 
adaptation  of  the  old  hand  whipsaw.  Timber 
was  plentiful  and  large  so  that  getting  the  logs 
to  the  mill  was  relatively  simplified  by  cutting 
them  along  the  river  above  the  mill  and  float¬ 
ing  them  down  to  the  mill  pond.  The  river 
also  served  as  a  means  of  distributing  the  sawn 

'Holbrook,  Stewart:  Tall  Timber.  1941. 


product  to  settlements  farther  downstream  .and 
along  the  coast. 

Gradually  as  the  demand  for  lumber  in¬ 
creased,  in  the  face  of  an  ever  diminishing 
supply  of  logs  upstream  from  the  mill,  the 
operator  was  forced  to  either  seek  other  means 
of  log  transportation  or  to  move  his  mill  to 
another  unexploited  stream.  Moving  the  mill, 
however,  entailed  the  costly  procedure  of  con¬ 
structing  a  new  power  dam  and  that  factor 
alone  placed  definite  limitation  on  the  m'obility 
of  these  early  mills. 

The  invention  of  the  steam  engine  and  cir¬ 
cular  mill  during  the  19th  century  overcame 
many  of  these  limitations  and  was  instrumental 
in  introducing  the  portable  sawmill  era  to  the 
American  lumber  industry.  Later  the  develop¬ 
ment  of  the  internal  combustion  engine  gave 
even  greater  mobility  to  the  portable  mill.  Ex¬ 
panding  markets  for  such  specialized  items  as 
railroad  ties  found  the  portable  mill  admirably 
suited  for  that  type  of  production.  Such,  then, 
was  the  general  lumbering  picture  in  the 
Northeast,  particularly  in  southern  New  Eng¬ 
land,  until  very  recently. 

The  Small  Permanent-Type  Sawmill 

Today,  however,  we  are  witnessing  another 
trend  in  flie  sawmill  industry;  that  toward  the 
small  permanent-type  mill.  The  reasons  for  this 
trend  are  fairly  obvious  after  considering  the 
other  great  advances  in  industrial  mechaniza¬ 
tion  during  the  recent  years.  It  was  only  im¬ 
perative  that  the  lumber  industry  should  follow 
suit. 

Although  the  portable  mill  has  been  found 
highly  adaptable  to  conditions  prevailing 
throughout  the  Northeast  it  has,  at  present. 
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several  definite  limitations  in  respect  to  a  rising 
demand  for  more  complete  utilization  of  the 
few  remaining  stands  of  merchantable  timber. 
Today  the  problem  is  not  only  to  produce  a 
necessary  quantity  of  lumber  for  profitable 
operation  but  to  produce  as  well  a  quality  of 
lumber  which  can  stand  on  its  own  in  compe¬ 
tition  with  that  from  other  regions,  notably  the 
South  and  West.  In  order  to  realize  this  aim 
the  progressive  Northeastern  mill  man  has 
found  the  solution  in  the  small  permanent  mill. 
While  referring  to  the  permanent-type  mill 
emphasis  is  placed  on  the  small  mill  rather 
than  the  large  mill,  in  that  it  is  our  opinion 
that  the  size  of  the  existing  stands  and  the 
density  of  merchantable  timber  in  these  stands 
do  not  economically  warrant  the  establishment 
of  any  large  mills  in  the  Northeast. 

Some  Features  of  the  Permanent  Mill 

A  small  permanent  mill  differs  from  a  port¬ 
able  mill  mainly  in  that  it  is  set  up  with  the 
intent  purpose  of  producing  lumber  from  tim¬ 
ber  brought  to  the  mill  rather  than  producing 
lumber  by  taking  the  mill  to  the  timber.  A  per¬ 


manent  mill  can  consist  of  either  a  circular  or 
small  band  mill  located  advantageously  on  a 
good  highway  or  railroad  or  better  yet  on  both. 
Usually  a  sufficiently  large  and  fairly  level  site 
is  selected  to  permit  for  ample  log  storage, 
stacking  of  lumber  and  possible  future  expan¬ 
sion.  (Fig.  1)  Also  since  the  mill  is  located 
either  in  town  or  at  the  edge  of  town,  it  offers 
the  available  labor  supply  not  only  more  satis¬ 
factory  working  conditions  but  is  itself  assured 
of  obtaining  a  better  and  more  reliable  type  of 
laborer. 

The  erection  of  a  small  permanent  mill  with 
its  accompanying  greater  expenditure  of  funds 
generally  warrants  an  outright  purchase  of  a 
mill  site  or  at  least  a  long  term  lease  on  such 
a  site.  Investment  of  capital  in  real  estate  and 
buildings  promotes  confidence  in  the  integrity 
of  the  operator  which  later  manifests  itself  in 
better  business  relations  between  operator  and 
timber  owner  as  well  as  between  operator  and 
consumer.  Many  stumpage  owners  have,  either 
from  past  unsavory  experience  or  hearsay,  come 
to  distrust  the  generally  poorly  financed  port¬ 
able  mill  operator.  The  permanent  mill  does 
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Fig.  1. — Layout  of  typical  small  permanent-type  sawmill  planned  for  straight-line  production  from 

log  deck  to  finishing  mill. 
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much  to  allay  this  distrust  and  in  turn  produces 
the  proper  atmosphere  of  mutual  good  faith  so 
essential  in  the  establishment  of  an  enterprise 
basing  its  continued  existence  on  a  sustained 
supply  of  raw  material. 

,  A  permanent  mill,  because  of  its  selected 
location,  is  also  in  a  better  position  to  take 
advantage  of  various  power  sources,  especially 
electricity  where  available.  The  efficiency  of  in¬ 
dustrial  electric  power  has  long  been  recog¬ 
nized  and  its  convenience,  of  course,  is  beyond 
dispute.  Small  electric  motors  running  clippers, 
resaws,  edgers  and  planers  greatly  increase  the 
quality  of  lumber  produced  by  the  small  mill. 
Remanufacturing  of  the  lower  grades  of  lum¬ 
ber  also  means  greater  possible  utilization  of 
the  lower  grade  logs  which  are  and  always  have 
been  the  problem  child  of  the  mill  owner.  A 
survey  of  several  small  permanent  mills  in  our 
vicinity  has  revealed  that  a  substantial  part  of 
their  income  is  derived  by  cutting  small  dimen¬ 


sion  squares  from  slabs,  edgings  and  low  grade 
lumber.  (Fig.  2) 

Better  mill  layout  is  possible  on  a  perma¬ 
nent  site  making  for  more  efficient  production. 
From  log  storage  deck  to  carriage  and  thence 
through  the  mill  one  continuous  straight  line 
operation  can  be  planned.  In  our  own  mill  the 
log  moves  from  dead  storage  to  mill  deck  by 
means  of  a  small  crane.  (Fig.  3)  From  there  it 
is  rolled  onto  the  carriage  of  our  electrically 
powered  circular  mill.  As  the  sawn  product 
leaves  the  head  rig  it  is  shunted  through  edger 
and  trim  saws  and  thence  on  a  live  conveyor 
out  to  the  sorting  shed.  The  recent  addition  of 
a  modern  cross  circulation  dry  kiln  and  a 
planing  mill  (Fig.  4)  has  given  us  additional 
means  for  further  utilization.  All  operations 
are  planned  in  such  a  manner  as  to  reduce 
unnecessary  manual  handling;  an  essential  in 
these  times  of  high  labor  costs. 
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Conclusion 

The  small  permanent  type  sawmill  has  given 
the  mill  operator  in  the  Northeast  a  most  effi¬ 
cient  means  for  fully  utilizing  the  limited 
supply  of  remaining  timber.  Advantageous 
locatisn  of  mill  site  in  regards  to  markets, 
transportation  facilities,  power  and  labor  sup¬ 
ply  all  contribute  to  greater  utilization  of  the 
available  stumpage.  A  permanent  year  round 
demand  for  logs  by  the  mill  encourages  better 
logging  and  forest  management  practices  on 
the  part  of  timber  owners  in  the  immediate 
working  circle.  Integrated  utilization  is  not 
only  possible  but  also  quite  profitable  in  that 
all  species  and  all  lumber  grades  can  be  mar¬ 
keted  in  one  form  or  another.  General  effi¬ 
ciency  is  also  greater  and  unit  operating  costs 
consequently  lower. 

Discussion 

Eugene  W.  Fobes  (Forest  Products  Labora¬ 
tory)  :  Portable  mills  reduce  logging  costs  but 
do  not  provide  facilities  for  further  manufac¬ 
ture.  Small  permanent  mills  will  probably  need 
to  be  supplemented  by  portable  mills.  A  port¬ 
able  mill  can  produce  material  of  equal  quality 
to  that  of  a  permanent  mill. 

Mr.  Tolle:  When  this  question  is  viewed 
strictly  from  a  cost  basis  we  can  concede  that 
the  difference  between  getting  the  logs  into  a 
portable  mill  as  compared  with  getting  them 
into  a  permanent  mill  is  chiefly  the  cost  of 
trucking.  By  using  specialized  logging  trucks 
and  loading  methods  this  cost  factor  can  be 
kept  at  a  minimum  and  consequently  is  gen¬ 
erally  exceeded  by  the  additional  revenue  ob¬ 


tained  from  a  more  integrated  utilization  pro¬ 
gram  at  the  permanent  mill. 

It  is  quite  true  that  some  portable  mills  pro¬ 
duce  excellent  lumber,  but  considering  aver¬ 
ages  the  quality  in  portable  mills  does  not 
match  that  in  permanent  mills.  The  market 
bears  that  out. 

Fred  C.  Simmons  (Northeastern  Forest  Ex¬ 
periment  Station) :  It  has  become  almost  trite 
to  say  "the  motor  truck  has  moved  the  sawmill 
out  of  woods."  That  is  true  to  a  considerable 
extent.  Mr.  Tolle  has  pointed  out  the  reasons 
and  advantages  very  well.  There  are  some  dis¬ 
advantages.  Perhaps  the  most  important  is  that 
permanent  mill  settings  discourage  the  use  of 
small  and  low-grade  logs.  Such  logs  may  weigh 
up  to  twice  as  much  per  M  (of  material  recov¬ 
ered)  as  higher  grade  material.  In  many  cases 
perhaps  we  don’t  want  to  saw  such  low-grade 
material  into  lumber.  But  as  high-grade  mate¬ 
rial,  particularly  of  hardwoods,  becomes  scarcer 
we  are  going  to  have  to  obtain  many  of  our 
hardwood  products,  such  as  furniture  parts, 
from  low-grade  logs.  'The  new  mobile  mills 
are  one  promising  attempt  at  a  solution  par¬ 
ticularly  well  adapted  to  cut  high-grade  logs 
from  farm  woodlots. 

Mr.  Tolle:  I  agree  with  Mr.  Simmons  that 
the  scarcity  of  high-grade  logs  will  eventually 
compel  the  operator  to  obtain  his  hardwood 
products,  such  as  furniture  parts,  from  lower 
grade  logs,  but  when  this  time  arrives  I  sin¬ 
cerely  believe  that  the  permanent  mill  with  its 
better  remanufacturing  facilities,  more  diversi¬ 
fied  markets  and  greater  efficiency  will  still  be 
able  to  do  a  better  job  at  "complete  utiliza¬ 
tion”  than  the  more  mobile  portable  mill. 
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Pulpwood  Handling  in  the  Lake  States 

O.  O.  Koski 

Forest  Engineer,  Minnesota  and  Ontario  Paper  Company,  International  Falls,  Minnesota 

Pu’.pwood  hand'ing  in  the  Lake  States  has  become  a  ist  operation  in  the  bu'k  morement  of  raw  material 
from  the  forests  to  the  numerous  converson  plants.  Tha.  paper  covers  the  various  steps  necessary  and  equip¬ 
ment  used  in  pulpwood  handling,  and  gives  a  gene-al  idn  cf  the  methods  and  the  equipment  employed  to 
annually  supply  the  Lake  Sutes  pulp,  paper  ana  papei board  mXs  with  their  all  important  raw  material. 


Introduction 

O  ILLUSTRATE  the  relative  size  of  the 
industry  which  is  dependent  on  pulp¬ 
wood  being  delivered,  Lockwood’s  Direc¬ 
tory  lists  112  pulp,  paper  and  paperboard  mills 
in  the  Lake  States  of  which  about  47  percent 
are  in  Wisconsin,  43  percent  in  Michigan,  and 
10  percent  in  Minnesota.  The  1947  Annual 
Report  of  the  Lake  States  Forest  Experiment 
Station  states  that  the  average  drain  of  rough 
pulpwood  for  the  ten  year  period  1935-44  was 
2,349,000.  cords  annually.  At  a  conservative 
figure  of  20  dollars  a  cord,  the  above  volume 
of  raw  material  represents  an  annual  outlay  of 
approximately  47  million  dollars.  Pulpwood 
handling  is  big  business. 

'The  subject  of  pulpwood  handling  in  the 
following  discussion  has  been  divided  into  its 
natural  steps  of  falling,  skidding,  bucking, 
loading  and  hauling. 

Falling 

The  species  commonly  used  for  pulpwood  in 
the  Lake  States  are:  Black  spruce  (Picea  mart- 
ana),  white  spruce  (Picea  canadensis),  balsam 
fir  (Abies  balsamea),  jack  pine  (Pinus  bank- 
siana),  aspen  (Populus  tremuloides),  tamarack 
(Larix  americana)  and  hemlock  (Tsuga  cana¬ 
densis).  Most  of  the  pulpwood  is  still  cut  in 
the  old  conventional  manner  with  axe  and  saw. 
Portable  power  saws,  however,  are  being  used 
more  and  more  each  season. 

Pulpwood  is  cut  by  two  basic  methods — 
either  in  four-foot  or  eight-foot  pieces  or  in 
tree  lengths.  Most  of  the  annual  harvest  is  cut 
in  the  shorter  lengths  for  which  payment  to  the 
cutter  is  made  either  on  a  piece-rate,  so  much 
per  stick  or  stacked  cord,  or  a  straight  hourly 
rate  basis.  With  the  exception  of  larger  pieces, 
the  cutting  of  shorter  lengths  involves  not  only 


falling  and  trimming;  but  includes  bucking 
into  the  specified  shorter  lengths  and  piling 
along  strip  roads.  A  strip  of  timber  sixty  to  one 
hundred  feet  in  width  and  the  length  of  a 
forty  is  assigned  an  individual  cutter.  A  strip 
road,  not  exceeding  ten  feet  in  width,  is  cut 
down  the  middle  of  the  strip  along  which  the 
pulpwood  cut  in  short  lengths  is  piled  accord¬ 
ing  to  species.  This  strip  road,  if  the  cutter  is 
on  a  piece  rate  basis,  must  be  made  by  the 
cutter  at  no  additional  compensation. 

Cutting  in  tree  lengths  is  a  relatively  new 
method.  Some  experimental  cutting  in  this 
manner  was  tried  in  Michigan  and  Wisconsin, 
but  from  the  latest  reports  operations  have  re¬ 
verted  to  the  old  method  of  cutting  in  shorter 
lengths. 

In  Minnesota  tree-length  cutting  has  become 
quite  popular  and  indications  are  that  in  the 
future  an  increasingly  larger  percentage  of  the 
total  pulpwood  production  will  be  cut  in  this 
manner.  Tree-length  cutting  makes  the  cutter’s 
task  much  less  ardous  in  that  no  lifting  is 
necessary  as  the  piling  is  eliminated. 

In  actual  practice  a  cutter  is  assigned  a  strip 
as  in  the  former  method.  He  begins  his  falling 
operation  at  either  end  of  the  strip.  All  trees 
are  fallen  in  a  herringbone  pattern,  so  that 
either  the  tops  or  butts  of  the  trees  are  easily 
reached  with  a  winch  cable  from  the  strip  road. 
The  cutter’s  duty  is  to  fall  the  tree  in  the  de¬ 
sired  direction,  limb  and  top  the  trunk.  Pay¬ 
ment  to  the  cutter  is  on  the  basis  of  an  estab¬ 
lished  piece  rate  per  tree  length  for  various 
sizes  or  by  the  hour. 

Skidding 

Skidding  is  done  in  both  summer  and 
winter,  but  winter  is  the  most  favorable  season. 
Short  length  pulpwood  is  skidded  to  the  load¬ 
ing  point  or  the  stock  pile  landing  on  a 
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wooden  two-runner  sled  called  a  dray.  A  dray 
to  be  pulled  by  a  team  of  horses  is  made  for  a 
three-quarter  to  one  cord  capacity.  Drays  used 
for  tractor-skidding  are  generally  a  little  wider 
to  accommodate  pulpwood  up  to  one  and  one- 
half  cords.  The  procedure  is  simple.  An  empty 
dray  is  pulled  down  a  strip  road  to  a  pile  of 
pulpwood  piled  previously  parallel  to  the  strip 
road  by  the  cutter.  The  pulpwood  is  hand 
loaded  lengthwise  by  two  men  on  the  dray. 
The  dray  load  of  pulpwood  is  then  transported 
either  by  horses  or  by  tractor  to  the  loading 
point  or  to  the  stock  pile  landing. 

The  alternate  method  used  is  tree  length 
skidding.  This  is  done  either  by  means  of 
horses  or  tractor.  A  single  horse  or  a  team  is 
used  depending  on  the  size  of  the  timber  and 
the  ruggedness  of  the  terrain.  For  the  hitch  for 
a  team  a  one-half  inch  logging  chain  and  a 
hook  is  used.  Horse  skidding  is  generally  be¬ 
lieved  to  be  the  most  economical  for  shorter 
skidding  distances. 

For  longer  skidding  distances — 600  feet  or 
more — ^tractor  skidding  is  more  advantageous 
since  more  power  is  available  and  bigger  loads 
can  be  handled.  Tractor  skidding  can  either  be 
ground  skidding  or  sulky  skidding.  Generally 
ground  skidding  with  a  tractor  is  done  where 
short  skidding  distances  are  encountered.  On 
longer  distances  a  sulky  is  used.  A  sulky  is  a 
two-wheeled  vehicle  supporting  an  arch.  At  the 
top  of  the  arch  a  sheave  is  so  located  that  a 
cable  from  the  winch  drum  of  the  tractor 
passes  over  and  through  the  sheave.  The  sulky 
is  attached  to  the  tractor  drawbar  by  means  of 
a  tongue  extension  from  the  arch.  The  sulky 
suspends  one  end  of  the  tree  length  off  the 
ground,  preventing  it  from  digging  in  when 
yarding.  The  use  of  a  sulky  insures  clean,  rock- 
free  logs,  reduces  wear  and  tear  on  logging 
roads  and  steps  up  production. 

Generally  a  hook  is  used  at  the  end  of  the 
winch  cable,  commonly  referred  to  as  the  main¬ 
line  cable,  so  that  a  number  of  cable  chokers 
can  be  attached  making  it  possible  to  fasten 
onto  a  munber  of  tree  lengths  at  one  time. 
Approximately  a  cord  of  pulpwood  in  tree 
length  is  considered  a  capacity  load. 

In  actual  practice  the  skidding  crew  for  a 
skidding  unit  consists  of  the  tractor  operator 
and  a  choker  setter.  The  choker  setter’s  duty  is 
to  attach  the  choker  cables  to  the  tree  lengths 


to  make  up  a  sulky  load.  He  then  pulls  the 
main  line  cable  of  the  tractor  winch  in  position 
to  enable  him  to  attach  the  choker  cables  to  the 
hook  on  the  main  line.  The  tractor  operator 
winches  in  the  tree  lengths.  Should  this  not  be 
sufficient  for  a  load  the  same  procedure  is  gone 
through  until  enough  tree  lengths  are  dragged 
adjacent  to  the  strip  road  to  warrant  a  trip  to 
the  landing.  The  ends  of  the  tree  lengths  are 
then  lifted  clear  of  the  ground  by  means  of  the 
sulky  and  the  winch  cable.  The  load  is  skidded 
into  a  yarding  point  for  subsequent  handling 
(Fig.  1). 

A  tractor  of  from  25-35  drawbar  horse¬ 
power  is  generally  used  for  sulky  skidding.  A 
sulky  capable  of  carrying  the  equivalent  of  a 
cord  of  wood  in  tree  lengths  is  used  with  the 
tractor.  Naturally  the  production  of  a  skidding 
unit  depends  on  the  conditions  of  the  forest 
stand,  the  distance  to  be  skidded  and  the  ter¬ 
rain.  On  most  operations  in  the  Lake  States  a 
skidding  unit  of  this  type  would  skid  from 
15-20  cords  per  working  day.  The  tractor 
operator  and  the  choker  setter  are  paid  by  the 
hour. 

Bucking 

In  logging  by  the  conventional  system  the 
bucking  of  the  tree  into  shorter  lengths  is,  of 
course,  done  by  the  cutter  immediately  after 
falling  the  tree.  This  bucking  is  done  under 
adverse  conditions  and  in  addition  requires 
quite  an  expenditure  of  physical  energy  in  that 
each  stick  must  be  carried  a  considerable  dis¬ 
tance  to  be  piled  adjacent  to  the  strip  road. 

The  elimination  of  much  of  the  "bull  work’’ 
is  an  important  factor  in  the  recent  trend  to¬ 
ward  more  tree-length  logging.  Tree  lengths  at 
landings  are  bucked  up  into  shorter  lengths  in 
various  manners.  The  common  method  used 
today  is  bucking  on  the  ground  with  portable 
chain  saws.  As'  the  tree  length  is  skidded  to  the 
landing  it  is  marked  off  into  the  desired  shorter 
lengths  and  bucked  by  two  men  with  a  two- 
man  power  saw.  On  completing  the  bucking 
of  a  number  of  tree  lengths,  the  same  crew 
with  the  addition  of  a  third  man  stock  pile  the 
shorter  lengths  in  readiness  for  future  loading. 
The  above  method  is  employed  usually  on  the 
smaller  operations  on  which  a  small  area  of 
timber  is  to  be  cut  and  a  small  crew  employed. 

On  larger  operations  specially  constructed 
slashers  are  used.  The  two  common  types  are 


Fig.  1. — Tractor  and  sulky  with  load. 


the  circular  saw  slasher  and  the  chain  saw 
slasher.  The  circular  saw  slashers  vary  from  the 
crude  homemade  machine  to  a  well  designed 
factory-made  machine.  Most  circular  saw  slash¬ 
ers  also  incorporate  a  conveyor  truck  loading 
attachment. 

The  power  unit  commonly  used  on  a  factory- 
made  machine  is  a  V-8  Ford  40  hp.  motor. 
This  motor  drives  a  tree  conveyor  that  places 
the  tree  length  under  the  saw.  It  is  actuated  by 
the  sawyer  advancing  a  hand  lever  to  bring  the 
tree  length  up  to  the  cut-off  stop  for  each  cut. 
A  cable  crosshaul,  powered  by  the  same  motor, 
is  controlled  by  a  separate  operator.  The  cross 
haul  pulls  tree  leng^  from  the  point  of  de¬ 
posit  by  the  skidder  onto  the  tree  conveyor. 
A  44-inch  circular  saw,  its  swing  controlled 
hydraulically  by  the  sawyer,  does  the  cutting. 
A  loading  conveyor  removes  the  pulpwood 
sticks  as  they  are  cut  and  transports  the  same 
to  a  truck  placed  in  position.  The  extension 
apron  of  this  conveyor  is  raised  and  lowered 
hydraulically  to  facilitate  loading  (Fig.  2). 


In  operation  a  five-man  crew  is  needed  for 
the  slasher.  Two  men  man  the  two  cables  on 
the  cross-haul.  Their  duty  consists  of  attaching 
the  hooks  at  the  ends  of  the  cables  to  a  tree 
length  and  detaching  the  same  on  the  tree 
length  being  pulled  onto  the  tree-conveyor. 
A  third  man  operates  the  controls  of  the  cross¬ 
haul  winches.  A  sawyer  operates  the  tree  con¬ 
veyor  and  the  swinging  saw.  The  fifth  man 
assists  the  truck  driver  in  properly  placing  the 
pulpwood  sticks  on  the  truck  as  the  sticks  fall 
from  the  loading  conveyor.  An  average  daily 
production  of  60-70  cords  can  be  cut  and 
loaded  on  trucks  with  this  type  of  a  slasher- 
loader. 

Only  one  chain  saw  slasher  is  in  existence  to 
the  best  of  the  writer’s  knowledge  (Fig.  3). 
This  machine  has  an  overall  length  of  49  feet. 
It  is  about  six  feet  high  and  six  feet  wide.  It 
is  powered  by  a  diesel  unit  of  64  belt  horse¬ 
power  mounted  on  the  framework.  The  operat¬ 
ing  control  levers  for  the  machine  are  located 
at  one  end  of  the  machine  for  one  man  control. 


Fig.  2. — Circular-saw  slasher-loader. 


The  main  features  of  the  machine  consist  of 
chain  saws,  hydraulically  operated  lifting  arms 
and  a  conveyor  system. 

The  cutting  components  of  the  machine  are 
seven  individual  standard  Disston  chain  saws, 
133  inches  long,  which  are  spaced  on  eight 
foot  centers,  enabling  the  machine  to  produce 
six  pulpwood  stidcs  from  one  log.  Each  saw 
has  forced  feed  lubrication,  powered  from  the 
main  power  unit  shaft. 

The  lifting  arms,  fabricated  of  inch  steel 
plate  welded  to  3Vi  inch  extra  heavy  pipe,  are 
hydraulically  operated.  By  'means  of  a  lever, 
the  machine  operator  controls  the  movement  of 
the  lifting  arms  to  engage  each  log.  Upon  be¬ 
ing  cut,  the  eight  foot  pulpwood  is  conveyed 
to  the  end  of  the  machine  where  it  is  sorted, 
bunched  and  loaded  by  crane  onto  the  waiting 
trucks. 

This  ihachine  is  very  efficient  in  its  cutting 
operation.  The  fact  that  varied  species  can  be 
cut  and  sorted  due  to  the  ability  of  the  take¬ 
away  conveyor  to  travel  in  either  direction 


greatly  simplifies  the  logging  of  a  mixed  stand. 
However,  since  a  crew  of  twelve  men  are  re¬ 
quired  to  operate  the  same,  its  use  is  limited 
to  a  large  volume  operation.  Attempts  have 
been  made  to  diminish  the  size  of  the  operat¬ 
ing  crew  by  further  mechanization;  but  as  yet, 
the  solution  has  not  been  found. 

Briefly,  the  operation  of  the  chain-saw 
slasher  is  as  follows:  Skidding  tractors 
equipped  with  sulkies  deposit  tree-lengths  onto 
a  skidway.  Twp  men  detach  the  chokers.  Each 
tree-length  is  then  rolled  a  short  distance  onto 
a  set  of  horizontal  rollers.  Three  men  at  this 
point  line  up  one  end  of  the  tree  length  with 
an  end  saw  to  eliminate  the  necessity  of  a  short 
butt  cut.  The  tree-length  is  then  rolled  another 
foot  so  that  the  lowered  lifting  arms  will  cradle 
the  tree-length  on  being  raised.  The  tree-length 
then  is  forced  into  the  speeding  chain  saws. 
The  cut  stidcs  fall  into  a  V-shaped  conveyor 
trough  and  thence  are  conveyed  in  one  direc¬ 
tion  or  the  other.  On  the  end  of  the  machine 
to  which  the  predominant  species  of  the  timber 


Fig.  3. — Multiple-chain-saw  slasher. 


stand  go,  two  men  receive  the  sticks  on  an 
apron  from  the  discharging  conveyor.  The 
sticks  are  shunted  to  one  side  or  the  other  to 
be  bunched  by  two  additional  men.  The  same 
procedure  is  gone  through  on  the  other  end  of 
the  machine  receiving  the  minor  species  except 
that  here  all  functions  are  performed  by  two 
men.  A  crane  on  crawler  tracks  then  shunts 
back  and  forth  to  either  end  of  the  machine  to 
load  the  bunched  wood  with  a  bucket  directly 
onto  a  waiting  truck.  The  operator  of  the 
machine  sits  in  a  partially  enclosed  cab  at  one 
end  of  the  machine  in  a  position  to  allow  him 
to  see  most  of  the  crew  members  and  the  oper¬ 
ating  machine.  Given  sufficient  tree  lengths  a 
slasher  of  this  type  can  cut  120  cords  of  pulp- 
wood  per  eight  hours.  In  stand  of  timber  con¬ 
sidered  only  fair  this  machine  has  maintained 
an  average  production  of  90  cords  per  day. 

Loading 

Loading  of  pulpwood  in  the  Lake  States  is 
done  by  a  number  of  means  ranging  from 


manual  loading  of  trucks  and  railroad  cars  to 
the  use  of  expensive  cranes.  Hand  loading  is 
still  done  by  the  smaller  operators.  The  hand 
loading  of  railroad  cars  from  trucks  is  aided 
somewhat  by  the  use  of  loading  platforms  at 
railroad  sidings. 

A  simple  mechanical  device  which  is  quite 
widely  used  for  the  loading  of  trucks  in  the 
woods  is  the  forest  jammer.  This  jammer  pro¬ 
vides  an  effective  means  of  transferring  pulp- 
wood  from  sleighs  or  drays  to  trucks  and 
trailers.  The  jammer  is  basically  composed  of 
an  upright  wooden  mast,  a  wooden  swinging 
boom  that  rotates  about  the  mast,  a  power  unit 
that  drives  a  winch  drum,  lifting  cable,  and 
sheaves  at  the  base  of  the  mast,  at  the  base  of 
the  boom  and  at  the  extreme  end  of  the  bcwm. 
Stabilizing  lines  are  attached  to  stumps  for 
anchorage,  passed  through  sheaves  near  the  top 
of  the  mast,  and  terminate  on  small  hand- 
operated  winches  permanently  attached  to  the 
jammer  base.  The  vertical  axis  of  the  mast  is 
deflected  from  a  true  perpendicular  by  adjust- 
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ing  the  stabilizing  lines.  A  slight  angle  from 
the  perpendicular  causes  the  boom  to  swing,  by 
gravity  action,  in  the  direction  of  the  tilt  of  the 
mast.  Return  is  accomplished  manually.  In 
operation,  the  position  of  the  mast  is  adjusted 
to  use  the  gravity  swing  when  a  load  is  sus¬ 
pended  from  the  hoist  line.  By  spotting  the 
truck  under  the  low  point  in  the  boom  arc, 
loads  may  be  lifted  and  swung  to  that  point. 
During  the  loading  operation,  the  truck  is 
moved  forward  or  backward  to  spot  the  sling 
loads  at  the  desired  location  on  the  pulpwood 
rack  of  the  truck.  A  jammer  of  this  type  is 
capable  of  lifting  loads  of  one  cord.  Its  capac¬ 
ity  in  cords  per  day  depends  on  the  type  of 
wood  being  handled  and  the^  skill  of  the  oper¬ 
ators.  Generally  an  eight  cord  truck  load  can 
be  formed  in  20  minutes.  A  crew  of  four  is 
required — the  operator,  two  sling  handlers  and 
a  top  loader. 

Among  the  commonly  used  factory  built  de¬ 
vices  for  the  loading  of  pulpwood  both  in  hot- 
logging  operations  and  on  loading  trucks  from 
stock  piles  are:  the  truck-mounted  hydraulic 
*crane,  the  tractor-mounted  crane,  and  the  wheel 
and  the  crawler  type  commercial  cranes.  The 
above  types  of  loading  equipment  are  all  very 
mobile  and  thus  lend  themselves  well  to  most 
loading  situations.  They  can  be  used  either 
with  loading  slings  or  pulpwood  buckets  de¬ 
pending  on  the  conditions  of  the  loading  oper¬ 
ation.  All  have  the  advantage  of  requiring  a 
relatively  small  loading  crew. 

In  upper  Michigan  a  common  type  of  equip¬ 
ment  for  loading  railroad  cars,  either  flat  or 
gondola,  is  the  home-made  gantry  crane.  This 
is  a  stationary  unit  composed  of  a  power  unit 
(usually  housed),  an  overhead  frame  work 
that  traverses  a  truck  road  and  the  railroad 
tracks,  a  traveling  carriage  upon  the  overhead 
frame  work  and  sheaves  and  cables  connecting 
the  hoist  block  with  winch  drums  in  the  power 
unit  house.  A  car  pulling  drum  is  also  powered 
by  the  one  power  unit.  Special  trip  slings  are 
used  to  transfer  the  pulpwood  load  from  the 
truck  to  the  railroad  car.  As  much  as  three 
cords  have  been  handled  at  one  lift  with  this 
type  of  loading  device.  If  much  wood  is  to  be 
loaded,  a  good  size  railroad  siding  is  necessary 
to  store  empty  as  well  as  loaded  cars.  A  two- 
man  crew  can  handle  the  loading  operation. 


although  if  the  wood  is  coming  fast,  a  four- 
man  crew  would  be  the  most  efficient. 

Hauling 

In  the  Lake  States,  the  hauling  of  pulpwood 
is  done  either  by  rail  or  by  automotive  truck. 
Rail  hauls  are  confined  generally  to  the  longer 
hauls.  Truck  haul  for  distances  up  to  100  miles 
is  the  general  practice. 

In  Minnesota  trucks  with  semi-trailers  are 
used  quite  extensively.  Within  the  past  few 
years  the  trend  in  trucking  leaned  toward 
heavier  road  equipment;  however,  the  cam¬ 
paign  of  the  State  Highway  Department  on 
adherence  to  the  axle  weight  limits  during  the 
winter  season  as  well  as  during  the  summer 
have  made  trucking  with  heavier  and  safer 
equipment  prohibitive. 

Bob-tail  trucks  are  used  more  in  Michigan 
and  Wisconsin;  but  with  the  increase  in  truck 
hauling  distances  trucks  equipped  with  semi¬ 
trailers  are  becoming  more  popular. 

Under  the  present  highway  restrictions  in 
the  Lake  States  a  light  weight  truck  with  a 
light  trailer  dolly  and  pulpwood  rack  is  the 
most  practical  for  the  hauling  of  pulpwood. 
A  seven-cord  load  can  generally  be  legally 
transported  depending,  of  course,  on  the  per- 
cord-weight  of  the  pulpwood. 

In  closing  it  should  be  mentioned  that  in 
recent  years  the  handling  of  pulpwood  has 
been  vastly  improved  by  progress  in  mechani¬ 
zation.  Due  to  the  nature  of  the  product  and 
the  conditions  under  which  its  handling  must  be 
done,  progress  is  not  as  rapid  as  has  been  the 
case  in  other  branches  of  the  paper  industry. 

Discussion 

Norman  F.  Smith  (State  of  Michigan  De¬ 
partment  of  Conservation) :  What  is  the  pro¬ 
portion  of  pulpwood  handled  in  tree  lengths 
versus  short  lengths  in  the  Lake  States? 

Mr.  Koski:  The  proportion  of  pulpwood 
handled  in  tree  length  versus  short  lengths  in 
the  Lake  States  is  very  small.  An  attempt  at 
stating  a  percentage  would  only  be  an  unreli¬ 
able  guess., 

L.  W.  Hooker  (Michigan  College  of  Mining 
and  Technology) :  While  Mr.  Koski ’s  state¬ 
ment  that  tree-length  skidding  in  Michigan  and 
Wisconsin  is  being  abandoned  in  favor  of  the 
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older  method  of  short-length  cutting  is  un¬ 
doubtedly  true  regarding  the  operator  who  pro¬ 
duces  only  pulpwood,  the  reverse  is  true  in  the 
case  of  the  operator  who  produces  both  saw- 
logs  and  pulpwood  in  the  same  operation.  One 
logger  has  stated  that  his  logging  costs  were 
reduced  as  much  as  25  percent  by  the  adoption 
of  the  tree-length  method  of  skidding.  This 
saving  was  made  possible  because  of  the  fol¬ 
lowing  factors: 

1.  The  skidding  capacity  of  his  tractor  was 
more  than  doubled  through  the  use  of 
sulkies. 

2.  Main  haul-road  construction  was  reduced 
by  50  to  75  percent  because  longer  skid¬ 
ding  turns  were  possible.  In  many  in¬ 
stances  only  two  roads  per  section  were 
needed. 

3.  By  having  all  logs  bucked  on  the  land¬ 
ing,  he  realized  a  much  greater  percent¬ 
age  of  high  grade  logs.  Only  one  or  two 
men  had  to  be  trained  to  buck  for  grade 
instead  of  each  felling  crew. 

4.  He  felt  that  in  most  instances  he  could 
charge  the  entire  skidding  cost  to  his  saw- 
logs  and  consider  that  the  pulpwood  and 
chemical  wood  had  a  free  ride  to  the 
landing  as  an  integral  part  of  the  log 
tree  being  skidded. 

Perhaps  the  pendulum  is  swinging  back,  be¬ 
cause  under  certain  conditions,  the  tree-length 
method  of  skidding  is  being  regarded  with  in¬ 
creasing  favor  in  Michigan. 

Mr.  Koski:  The  writer  is  in  agreement  with 
Mr.  Hooker’s  statements. 

Frederick  H.  Vogel  (Alabama  Polytechnic 
Institute)  :  During  the  past  several  months,  we 
have  felt  that  lowering  pulpwood  prices  in  the 
South  have  been  causing  a  squeeze  on  the  pulp¬ 
wood  operators.  I  am  wondering  if  the  same 
situation  holds  true  in  the  Lake  States,  and  if 
as  a  consequence,  the  operators  are  having  to 
cut  costs  by  every  means  at  their  disposal.^ 

Mr.  Koski:  Yes,  I  believe,  this  trend  of 
lowering  pulpwood  prices  is  also  true  of  the 
Lake  States  necessitating  a  subsequent  cost  cut¬ 
ting  by  the  producer. 

Roy  M.  Carter  (North  Girolina  State  G)l- 
lege)  :  What  is  relative  cost  between  tree-length 
handling  and  pulpwood  lengths? 


Mr.  Koski:  In  small  diameter  stands  of  pulp¬ 
wood  cutting  in  pulpwood  lengths  is  definitely 
cheaper.  However,  in  large  diameter  stands 
allowing  the  pulpwood  to  remain  in  tree 
lengths  for  skidding  to  the  concentration  point 
for  machine  bucking  and  loading  is  the  most 
advantageous  economically. 

Prof.  Carter:  Is  bundling  being  tried? 

Mr.  Koski:  Several  experimental  bundling 
operations  are  being  tried  in  Upper  Michigan. 
No  definite  conclusions  as  to  the  merits  of 
bundling  over  the  conventional  handling  meth¬ 
ods  have  as  yet  been  derived. 

R.  R.  Edgar  (William  Bonifas  Lumber  Com¬ 
pany)  :  Small  pulpwood  operations  are  now 
the  rule  in  the  Lake  States  due  to  the  nature  of 
the  present-day  pulpwood  stands.  Present-day 
stands  are  scattered  and  have  relatively  low  per- 
acre  volumes.  Good  forestry  practice  will  re¬ 
quire  many  small  operations,  operating  over  a 
large  area.  The  use  of  costly  mechanical  equip¬ 
ment  on  such  operations  is  not  always  econom¬ 
ically  sound.  This  is  especially  true  where  the 
work  is  done  by  farmers  who  devote  only  a 
portion  of  their  time  to  pulpwood  production. 
This  type  of  farmer-jobber  generally  finances 
his  own  operations  (apart  from  stumpage)  and 
equipment  with  a  high  initial  cost  Ms  beyond 
his  financial  means.  The  high  cost  of  opera¬ 
tions  resulting  from  the  use  of  primitive  log¬ 
ging  techniques  is  partially  offset  by  a  lower 
overhead  cost  than  is  possible  on  company-run 
operations.  Equipment  that  can  be  used  on 
both  the  farm  and  on  logging  operations  may 
lead  to  advances  in  mechanization  and  lower 
costs. 

Mr.  Koski:  Mr.  Edgar’s  statements  are  true 
as  applied  to  Michigan  and  Wisconsin  and  to 
some  parts  of  Minnesota.  However,  on  larger 
holdings  which  still  exist  in  Minnesota,  mech¬ 
anized  operations,  if  properly  conducted  with 
the  appropriate  mechanical  equipment,  can  be 
the  most  economical  means  of  operation. 

W.  S.  Bromley  (American  Pulpwood  Asso¬ 
ciation)  :  Mr.  Koski’s  paper  gives  a  very  clear 
picture  of  how  pulpwood  is  logged  on  most 
operations  in  the  Lake  States.  I  shall  not  at¬ 
tempt  to  add  anything  to  his  paper.  In  review¬ 
ing  it,  the  members  of  the  Forest  Products  Re-, 
search  Society,  may  want  to  hear  how  pulp¬ 
wood  logging  practices  in  other  parts  of  the 
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country  may  difiFer  from  that  conducted  in  the 
Lake  States  and  described  so  well  by  Mr.  Koski. 

The  felling  and  bucking  of  pulpwood  in 
other  regions  of  the  country  differs  materially 
from  the  manner  in  which  it  is  handled  in  the 
Lake  States,  only  on  the  following  points: 

1.  Most  of  the  pulpwood  cut  and  felled  in 
the  Lake  States  is  prepared  in  100  inch  or  8- 
foot  lengths,  while  in  the  South  a  large  por¬ 
tion  is  cut  in  lengths  of  close  to  3  feet,  and  in 
the  East  and  Northeastern  part  of  the  country, 
the  most  common  length  is  4  feet  or  52  inches. 

2.  More  of  the  Scandinavian  bow  type  saws 
are  used  in  the  Lake  States  than  in  the  South. 
In  this  Northern  region  very  few  of  the  cir¬ 
cular  type  of  mechanized  saws  are  used,  while 
they  are  very  common  to  the  Southern  region. 

3.  The  density  of  undergrowth  and  saplings 
and  the  deep  winter  snowfalls  on  most  of  the 
sites  on  which  pulpwood  is  felled  in  the  Lake 
States  makes  it  necessary  for  wood  to  be  felled 
or  piled  with  very  definite  patterns  so  that  it 
is  ready  for  skidding  or  winter  hauling.  Sawyers 
usually  work  with  definite  strips  in  which  the 
skidding  trail  is  usually  located  in  the  middle 
of  their  felling  area.  This  is  a  phase  of  pulp¬ 
wood  logging  in  the  Lake  States  that  is  very 
often  omitted  in  swne  of  the  Southern  opera¬ 
tions,  especially  where  trucks  are  able  to  go 
right  to  the  pulpwood  piles  or  stump  without 
any  intermediate  skidding. 

As  Mr.  Koski  pointed  out,  the  use  of  tree 
length  skidding  in  the  Lake  States  is  definitely 
increasing.  At  the  present  time,  however,  it 
can  be  said  that  you  will  see  more  tree  length 
skidding  in  other  regions  of  the  country.  The 
use  of  drays  and  sleighs  in  skidding  are,  of 
course,  more  common  to  the  Lake  States  and 
New  England  regions  than  to  the  South. 


The  tendency  to  provide  for  the  mechanical 
loading  and  unloading  of  pulpwood  has  prob¬ 
ably  received  greater  impetus  in  the  Lake 
States  than  in  any  other  part  of  the  country. 
This  is  due  to  the  pulpwood  being  cut  into 
longer  lengths  than  in  the  other  pulpwood  re¬ 
gions.  It  should  be  noted  that  it  is  becoming 
increasingly  difficult  to  get  the  average  younger 
men  engaged  in  pulpwood  operations  to  man¬ 
handle  the  8  foot  lengths  of  pulpwood.  Even 
where  the  small  bobtail  trucks  are  being  used, 
it  is  found  that  more  than  half  of  the  trucks 
have  been  equipped  with  some  form  of  a  winch 
or  hoist  which  enables  the  operator  to  load  or 
unload  his  truck  with  the  minimum  of  effort. 

As  Mr.  Koski  pointed  out,  there  is  a  definite 
trend  in  the  Lake  States  toward  the  use  of  more 
trailers  in  hauling  pulpwood.  This  trend  ties 
in  very  definitely  to  the  increased  use  and  ap¬ 
plication  of  mechanical  loading  and  unloading 
of  trucks.  Until  you  provide  for  very  rapid 
loading  and  unloading,  it  is  not  practical  or 
profitable  to  make  use  of  the  larger  trucks  and 
heavier  trailer  equipment.  At  the  preset  time, 
however,  it  seems  that  there  is  considerably 
more  use  of  trailers  in  Northern  Minnesota 
than  in  the  other  Lake  States. 

Except  for  the  points  I  have  mentioned, 
pulpwood  logging  in  other  parts  of  the  country 
does  not  differ  materially  from  the  manner  in 
which  Mr.  Koski  has  outlined  for  the  Lake 
States.  In  closing  my  comments,  I  want  to  re¬ 
peat  that  he  has  given  you  a  very  comprehen¬ 
sive  view  of  pulpwood  operations  and  handling 
in  the  Lake  States. 

Afr.  Koski:  Mr.  Bromley  has  ably  pointed 
out  most  of  the  differences  in  the  pulpwood 
logging  in  the  Lake  States  and  in  that  carried 
on  in  other  parts  of  the  United  States. 
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TECHNICAL  SESSION  II 
Monday,  May  2,  1949,  1:00  P.  M. 

General  Subject:  Furniture  and  Plywood 

Chairman:  C.  F.  Van  Epps,  Materials  Engineering  Department,  Strom- 
berg-Carlson  Company,  Rochester,  New  York  (Northeast  Regional 
Board  Member,  FPRS) 

Recorder:  Richard  A.  Hertzler,  Southeastern  Forest  Experiment  Station, 
Asheville,  North  Carolina  (Secretary-Treasurer,  Virginia-Carolinas  Sec¬ 
tion,  FPRS ) 
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Tropical  Wood  Research  for  the  Furniture  Industry 

Frederick  F.  Wangaard 
Yale  University 


This  it  t  summary  of  some  of  tfae  work  on  the  evaluation  of  tropical  woods  underway  at  the  Yale  School 
of  Forestry  for  the  Office  of  Naval  Research,  Navy  Department. 

Positive  identification  of  species  was  assured  through  the  selection  of  representative  sanding  trees  by 
boanists,  foresters  and  lumbermen,  and  was  aided  by  election  of  herbarium  specimens  and  comparison  of 
materials  with  the  Yale  w<x>d  coUecticm  of  45,000  specimens.  The  mechanical,  physical,  seasoning,  machining, 
and  steam  bending  properties  of  12  tropical  woods  are  cornered  with  such  esuhlished  furniture  woods  as 
black  cherry,  maho^uiy,  hladt  walnut,  sugar  maple,  and  white  oak.  Judging  from  these  comparisons,  sevenl 
of  the  tropical  species  refio  ted  on  appear  to  possess  properties  that  would  make  them  valuable  additions  to 
our  list  of  tropical  furniture  species. 


Introduction 

HE  increasing  difficulty  of  obtaining  ade¬ 
quate  supplies  of  lumber,  veneer,  and 
other  wood  products,  particularly  in  the 
higher  grades  of  domestic  hardwoods,  empha¬ 
sizes  the  need  for  research  to  determine  the 
adaptability  of  woods  obtainable  from  other 
sources.  Attention  turns  quite  naturally  to  the 
largest  remaining  reservoir  of  timber  wealth — 
the  tropics.  Although  the  vast  forests  of  the 
tropics  contain  a  large  number  of  timber  spe¬ 
cies  that  appear  to  possess  desirable  properties, 
adequate  technical  data  are  available  for  very 
few  of  them.  The  known  general  character¬ 
istics  of  certain  of  these  tropical  species  indi¬ 
cate  the  possibility  that  they  may  be  superior  to 
the  woods  now  used  for  a  number  of  special 
purposes. 

The  School  of  Forestry  at  Yale  University 
has  been  actively  engaged  in  research  in  the 
field  of  tropical  woods  for  more  than  twenty- 
five  years,  during  which  time  it  has  built  up  a 
collection  that  now  contains  over  45,000  speci¬ 
mens  of  wood,  mostly  tropical  in  origin.  In 
1947  the  scope  of  these  activities  was  expanded 
to  meet  the  growing  need  for  technical  data 
relating  to  the  properties  of  these  woods. 
Under  the  sponsorship  of  the  Navy  Depart¬ 
ment  through  the  Office  of  Naval  Research, 
studies  were  initiated  to  determine  the  basic 
properties  of  a  selected  group  of  tropical 
American  timbers  and  to  evaluate  each  species 
with  regard  to  its  potentialities  for  specific 
types  of  use. 

In  this  study  direct  comparisons  are  made 
with  well-known  species  of  proved  service¬ 


ability.  Although  immediate  large-scale  com¬ 
mercial  acceptance  is  not  anticipated  on  the 
basis  of  these  tests,  data  of  this  type  should 
serve  to  arouse  the  interest  of  potential  pro¬ 
ducers  and  consumers.  These  data  should  also 
stimulate  further  tests  and  trials  to  demonstrate 
the  performance  of  the  wood  in  actual  use. 

Properties  Tested 

The  general  nature  of  the  tests  being  con¬ 
ducted  under  this  research  program  is  indi¬ 
cated  by  the  following: 

1.  Mechanical  Properties 
Representative  material  from  each  log  is 
tested  in  the  green  and  air-dry  conditions 
to  determine  properties  in  (1)  static 
bending;  (2)  compression  parallel  to 
grain;  (3)  compression  perpendicular  to 
grain  (4)  hardness  (side  and  end);  (5) 
shear;  (6)  tension  perpendicular  to 
grain;  (7)  cleavage;  and  (8)  toughness. 

2.  Physical  Properties 

Representative  material  from  each  log  is 
tested  to  determine  specific  gravity, 
shrinkage,  and  decay  resistance.  Decay  re¬ 
sistance  is  determined  by  means  of  an 
accelerated  laboratory  test  method.  Tests 
to  determine  rate  of  moisture  absorption, 
gluing  characteristics,  and  weathering 
characteristics  are  conducted  on  material 
selected  from  stock  available  from  several 
logs  of  each  species.  Gx>peration  with 
other  laboratories  has  been  obtained  in 
conducting  tests  of  resistance  of  selected 
species  to  fire,  abrasion,  and  marine  borer 
attack. 
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3.  Seasoning  Properties 

Test  specimens  obtained  from  each  log 
are  used  to  determine  rate  of  drying  and 
seasoning  characteristics  (including  the 
development  of  seasoning  defects)  under 
air-drying  conditions. 

4.  Machining  Properties 

Observations  are  made  and  recorded  with 
regard  to  the  general  characteristics  of 
each  species  when  subjected  to  the  saw¬ 
ing,  planing,  shaping,  and  boring  opera¬ 
tions  involved  in  the  preparation  of 
specimens  for  mechanical  testing. 

5.  Steam-Bending  Properties 

Those  species  that  appear  from  other 
tests  to  be  adapted  to  steam  bending,  are 
compared  directly  with  white  oak  of 
bending  quality. 

Accurate  identification  of  all  test  material  is 
provided  through  the  selection  of  representa¬ 
tive  standing  trees  in  the  forest  by  botanists, 
foresters,  or  lumbermen.' Herbarium  specimens 
consisting  of  leaves,  flowers,  or  fruit  from  the 
same  tree  are  collected  to  "document”  the  field 
identification.  From  each  tree,  an  eight-foot  log 
representing  the  upper  half  of  the  first  l6-foot 
log  taken  above  the  butt  swell  is  marked  and 
shipped  to  New  Haven  where  it  is  sawed  into 
test  blanks  under  close  supervision.  Further 
assurance  of  correct  identification  is  provided 
by  direct  comparison  of  the  wood  with  authen¬ 
tic  specimens  from  the  Yale  collections.  A 
minimum  of  three  trees  is  sought  for  each  spe¬ 
cies  studied,  and  an  attempt  is  made  to  secure 
representative  material  from  various  portions 
of  its  geographic  range. 

The  first  shipment  of  logs  received  under 
this  project  arrived  in  New  Haven  in  April 
1947.  Since  that  time  nearly  250  logs  repre¬ 
senting  95  different  species  have  been  received. 
To  date,  tests  to  determine  the  basic  physical 
and  mechanical  properties  of  these  woods  have 
been  completed  on  material  representing  43 
species.  Mechanical  test  data  collected  thus  far 
are  largely  limited  to  the  properties  of  the  un¬ 
seasoned  wood.  A  comprehensive  technical  re¬ 
port  dealing  with  25  of  these  species  for  which 
sufficiently  representative  data  have  been  ob¬ 
tained  is  now  in  preparation  and  will  be  pub¬ 
lished  in  the  near  future. 


It  is  the  purpose  of  this  paper  to  discuss  the 
results  of  tests  conducted  upon  tropical  woods 
that  appear  to  be  potentially  useful  in  furniture 
manufacture.  Many  of  these  woods  enjoy  a 
local  reputation  in  various  furniture  applica¬ 
tions  and  a  few  are  already  more  or  less  widely 
known  in  the  industry.  Even  though  accept¬ 
ability  of  a  wood  has  become  established,  sys¬ 
tematic  study  of  its  technical  properties  may 
help  to  develop  a  fuller  realization  of  its 
potentialities  and  proper  utilization. 

The  characteristics  desired  in  a  furniture 
wood  vary  with  the  specific  application.  Few 
wood  products  call  for  a  greater  diversification 
of  technical  qualities  and  characteristics  than 
does  furniture  with  its  multiplicity  of  variously 
machined  solid  components  including  turnings 
and  carvings,  core  stock  for  glued  construction, 
figured  and  plain  face  veneers,  crossbands  and 
interior-plies,  hidden  and  exposed  parts,  and 
shaped,  molded,  or  bent  members. 

Among  the  characteristics  that  influence  the 
choice  of  a  particular  wood  for  use  in  one  or 
more  furniture  applications  are  suitable  density 
and  such  mechanical  properties  as  hardness, 
bending  strength,  compressive  strength,  shear 
strength,  and  resistance  to  cleavage.  Low 
shrinkage  properties  are  advantageous  in  most 
furniture  uses.  Appearance,  including  color, 
grain,  texture,  and  figure,  together  with  good 
machining  and  finishing  characteristics,  are 
among  the  important  factors  considered  in  the 
choice  of  woods  used  in  exposed  parts  of  fur¬ 
niture.  Also  included  among  the  desirable 
characteristics  for  furniture  are  ease  of  gluing 
and  mechanical  fastening.  The  suitability  of  a 
species  for  veneer  is  obviously  limited  by  its 
adaptability  to  the  processing  involved  in 
veneer  cutting  and  drying.  Suitable  air  drying 
and  kiln  drying  characteristics  are  essential  to 
all  lumber  applications  in  furniture. 

An  evaluation  based  on  all  of  these  factors 
is  not  possible  in  this  paper.  However,  perti¬ 
nent  data  are  presented  relative  to  the  density, 
mechanical  properties,  shrinkage,  and  season¬ 
ing  characteristics  of  a  dozen  tropical  Amer¬ 
ican  species,  together  with  directly  comparable 
data  for  a  number  of  domestic  woods  that  are 
well  known  in  the  furniture  field. 

Although  the  characteristics  of  the  woods 
under  consideration  have,  for  ease  of  evalua¬ 
tion,  been  intentionally  compared  with  those 
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Table  1. — Strength  Properties  of  Twelve  Tropical  American  Woods  in  Comparison  With 
Representative  Woods  Used  in  Furniture  Construction 

Static  Bending 


Specie* 

Source 

No. 

of 

logs 

Mois¬ 
ture 
con¬ 
tent  ' 

Specific  Gravity 

Fiber  stress 
at  propor¬ 
tional 
limit 

Modulus 

of 

rupture 

Modulus  Work  to  Work  to 
of  elas-  propor-  maxi- 
ticity  tional  mum 
limit  load 

Goneslo  alvea _ 

Honduras 

8 

percent 

49.2 

Ov«- 

dry 

Vol. 

0.92 

Green 

VoL 

0.81 

lb.  per 
sq.  in. 

7,740 

lb.  per 
sq.  in. 

11,600 

10001b. 

per 
sq.  in. 

1,960 

in.-lb. 

per 
cu.  in. 

1.87 

in.-lb. 

per 
cu.  in. 

7.2 

(.Attronium  graoeoUns) 

Conrbaril _ 

{Hymtnaea  courbarit) 

Honduras, 

Surinam, 

Puerto  Rico 

C 

69.9 

0.80 

0.70 

6.890 

12.180 

1,640 

1.62 

14.1 

Tatejub* _ 

Brazil 

2-t- 

58.0 

0.76 

0.68 

10,840 

14,  610 

2,300 

2.84 

11.8 

iBagassa  guianensis) 

Nmrgusta _ 

{.Termirudia  amazonia) 

British  Guiana, 
British 
Honduras 

6 

72.3 

0.76 

0.66 

8. 140 

12,  720 

2,160 

1.79 

11.4 

White  oak* _ 

United  States 

68 

0.71 

0.60 

4,700 

8,300 

1, 260 

1.08 

11.6 

(Quffcus  alba) 

Angelique _ 

Surinam 

2 

78.7 

0.69 

0.60 

7,660 

11, 410 

1,840 

1.78 

12.0 

(Dicorynia  paraensis) 

Vdlow  aandera _ 

Puerto  Rico 

3 

66.1 

0.66 

0.60 

6,380 

10,060 

1,460 

1.62 

8.8 

(Buchenavia  capitata) 

Sugar  maple* _ 

United  States 

68 

0.68 

0.66 

6,100 

9,400 

1,  660 

1.03 

18.8 

(Acer  Maccharum) 

HububaUi _ 

(Loxopterygiiun  Sagotii) 

British  Guiana, 
Surinam 

4 

98.4 

0.62 

0.66 

6,740 

9,380 

1,680 

1.20 

7.6 

FrijoUUo . 

Honduras 

8 

60.4 

0.62 

0.66 

4,920 

8,190 

1, 200 

1.11 

9.2 

(Pteudotamanea  guachapeU) 
Ydlow  birch* _ 

United  States 

67 

0.66 

0.66 

4,200 

8,800 

1,600 

0.70 

16.1 

(Bttula  lutea) 

Roble  bianco _ 

(Tabebuia  perUaphylla) 

British  Hondu¬ 
ras,  Honduras 

6 

67.8 

0.68 

0.62 

6,140 

10,460 

1,  870 

1.64 

11.2 

Black  walnut* _ 

United  States 

81 

0.66 

0.61 

6,400 

9,600 

1, 420 

1.16 

14.6 

Uugtans  nigra) 

Black  cherry* _ 

United  States 

66 

0.63 

0.47 

4,200 

8,000 

1, 810 

0.80’ 

12.8 

(Prunu*  terotina) 
Mahogany* . . . 

(Central  America _ 

68 

0.60 

0.46 

6, 120 

9,240 

1,290 

10.2 

(Swietenia  macrophylla) 

Red  gum* _ 

United  States 

81 

0.63 

0.44 

8.700 

6,800 

1, 160 

0.81 

9.4 

(Liquidambar  ttyraciftua) 

Laurel  bianco _ 

(Cordia  aUiodora) 

British  Hondu¬ 
ras,  Honduras, 
Nicaragua 

10 

122.2 

0.46 

0.42 

6,860 

8,720 

1,170 

1.46 

9.8 

(^dro  granadino _ 

Panama 

8 

67.4 

0.46 

0.41 

4,520 

7,610 

1,810 

0.94 

7.1 

(Ctdrtla  Tonduzii) 

Prima  vera _ 

Honduras 

4 

61.6 

0.44 

0.40 

4,280 

7,160 

970 

1.04 

6.8 

(Tabebuia  DonndlStnUhii) 


of  well  established  species,  it  is  not  intended 
to  imply  that  woods  of  unlike  characteristics 
have  no  place  in  furniture.  Quite  the  contrary. 
Through  changes  in  design  associated  with  the 
adoption  of  any  new  industrial  material,  new 
woods  may  be  found  to  satisfy  demands  that 
were  previously  unfulfilled  by  conventional 
materials.  As  an  illustration,  the  use  of  resin- 
impregnated  densified  wood  in  the  legs  of 
office  furniture  led  to  an  improvement  over  the 
performance  of  natural  wood  with  respect  to 
marring  and  splintering.  There  is  no  reason 
why  one  or  more  of  the  denser  woods  available 
from  the  tropics  should  not  be  equally  satis¬ 
factory  for  this  purpose. 

Mechanical  Properties  and  Density 

In  general,  the  mechanical  test  methods  out¬ 
lined  in  American  Society  for  Testing  Mate¬ 
rials  Specification  D-143  have  been  followed. 


Mechanical  testing  to  date  has  been  largely 
limited  to  tests  of  wood  in  the  green  condition 
and,  with  the  exception  of  toughness  values, 
the  strength  data  in  Table  1  are  based  upon 
tests  of  unseasoned  material.  Toughness  values 
represent  an  average  of  results  obtained  in  both 
the  green  and  air-dry  conditions.  In  the  table, 
twelve  tropical  voods  potentially  useful  in  fur¬ 
niture  have  been  arranged,  together  with  a 
number  of  domestic  furniture  woods,  in  order 
of  decreasing  density  so  that  comparison  may 
be  facilitated. 

Shrinkage 

The  shrinkage  characteristics  of  a  wood  are 
among  the  most  important  properties  affecting 
its  successful  application  in  furniture.  Some  of 
the  unhappy  results  traceable  to  excessive 
shrinkage  include  components  that  fail  to  fit, 
warping,  checking  and  splitting,  failure  of  glue 
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Table  1. — Strength  Properties  of  Twelve  Tropical  American  Woods  in  Comparison  With 
Representative  Woods  Used  in  Furniture  Construction — Continued 

Compreaaion  Parallel  to  Grain 


Specie* 

Fiber 

stress  at  Maximum 
proper-  cruah- 
tional  ing 

Modulus 

of 

elas- 

Hardness 

Compression  Tension 
perpen-  perpen¬ 
dicular  dicular 

Cleav- 

Tough- 

limit 

lb.  per 

strength 

lb.  per 

ticity 

10001b. 

per 

End 

Side 

to  grain  to  grain 

Stress  at  pro¬ 
portional  Umit  lb.  per 

Shear 

lb.  per 
sq.  in. 

age 

lb.  per 
ini  of 

neaa> 

ln.-lb. 

per 

aq.  in. 

sq.  in. 

sq.  in. 

ib. 

lb. 

lb.  per  sq.  in. 

sq.  in. 

width 

specimen 

Gonealo  alves _ 

(Attronium  xravtoUns) 

8,710 

6,720 

2,410 

1630 

1700 

1740 

600 

1640 

320 

161.7 

Courbaril _ 

(Hymenaea  courbarit) 

8,820 

6,840 

1,770 

1780 

1970 

1810 

1290 

1800 

670 

214  6 

Tatajuba _ _ 

{Bagasta  guianensis) 

6,0«0 

7,900 

2,610 

1620 

1670 

1200 

660 

1670 

870 

196  6 

Na^fuata _ _ 

(Terminalia  amaxonia) 

White  oaki.. _ 

(Quercut  alba) 

4,700 

6,960 

2,460 

1460 

1440 

1260 

880 

1600 

420 

198.4 

8,090 

8,660 

1120 

1060 

830 

770 

1260 

420 

Anfelique _ 

(Dicorynia  tJoraensis) 

4,  810 

6,690 

2,180 

1100 

1100 

1000 

700 

1340 

340 

161.2 

Yellow  aandera _ 

(Bucbenavia  capitata) 

8,790 

6,180 

1,670 

1860 

1230 

1070 

800 

1340 

440 

122.8 

Sucar  maple' _ 

(Acer  tacAanun) 

2,860 

4,020 

1070 

970 

800 

.... 

1460 

.... 

Hububalli _ 

(Loxopterygium  Sagotii) 

8,790 

4,700 

1,920 

960 

1040 

1060 

660 

1200 

370 

no  8 

FrijoliUo _ 

(Pteudoaamanea  guachabeU) 

.  2.790 

8,980 

1. 410 

1060 

1030 

960 

710 

1270 

310 

130.8 

Yellow  birchl  . 

(Betula  luted) 

.  2,620 

8,880 

810 

780 

630 

480 

1110 

270 

Roble  bianco _ 

IT abebuia  pentaphylla) 

Black  walnut' _ 

.  8,860 

4,720 

1.  620 

nob 

960 

860 

800 

1290 

410 

162.8 

.  8,620 

4,800 

960 

900 

600 

670 

1220 

‘  360 

. 

(Juglara  nigra) 

Black  cherry*... _ 

(Prumu  serotina) 

.  2,940 

8,640 

760 

660 

440 

670 

1130 

330 

Mahofany' _ 

^wietenia  macrophylla) 

Red  fum' _ 

(LUjuidambar  styraciftua) 

4,640 

760 

660 

710 

.... 

1310 

.... 

.  2,280 

2,  840 

630 

620 

460 

610 

1070 

330 

Laurel  bianco _ ■. _ 

(Cordia  alliodora) 

.  8, 870 

8,910 

1,810 

820 

740 

700 

620 

1090 

270 

181.7 

Cedro  nanadino _ 

(Cedrela  Tonduzii) 

.  2.770 

8,870 

1,830 

660 

660 

600 

430 

990 

260 

106.2 

Prima  vera .  2. 900  8,  660  1,  060 

(Tabebuia  DonneUSmithii) 

'  Data  from  Forest  Products  Laboratory.  Madison,  Wis. 

810 

690 

780 

780 

1060 

320 

72.0 

3  Toughness  values  are  the  average  of  tests  of  green  and  air-dry  specimens  x  ^  x  10  inches  loaded  on 
over  an  S-tnch  span. 

the  tangential  face 

joints,  and  even  the  rupture  of  crossband  and 
face  veneers.  It  has  long  been  recognized  that, 
as  a  general  rule,  favorable  low  shrinkage 
properties  ajre  associated  with  a  correspond¬ 
ingly  low  density.  A  notable  exception  to  this 
general  relationship  is  black  locust  with  shrink¬ 
age  values  comparable  to  those  of  the  lighter 
hardwoods  in  spite  of  its  relatively  high  den¬ 
sity.  Since  other  desirable  properties  including 
mar  resistance,  strength,  certain  machining 
characteristics,  and  ability  to  hold  mechanical 
fastenings  are  associated  with  high  density,  the 
user  is  confronted  with  the  problem  of  com¬ 
promising  between  the  ideal  wood  in  these 
respects  in  order  to  obtain  satisfactory  perform¬ 
ance  from  the  standpoint  of  shrinkage. 

The  relationship  between  volumetric  shrink¬ 
age  and  specific  gravity  is  shown  for  a  repre¬ 
sentative  group  of  domestic  hardwoods  and  for 


a  group  of  tropical  hardwoods  in  Fig.  1. 
Althou^  increasing  density  is  commonly 
associated  with  greater  shrinkage  in  both 
groups,  it  is  evident  that  most  of’ the  tropical 
woods  are  characterized  by  lower  shrinkage 
values  than  home-grown  hardwoods  of  com¬ 
parable  density.  Even  the  extremely  dense  trop¬ 
ical  woods  (specific  gravity  of  0.80-0.90)  show 
appreciably  less  shrinkage  than  is  commonly 
displayed  by  domestic  woods  only  three-fourths 
as  heavy.  The  widely  recognized  dimensional 
stability  of  mahogany  and  teak  is  substantiated 
by  their  position  on  the  graph,  but  it  is  also 
evident  that  a  number  of  other  tropical  woods 
approach  these  two  species  in  this  respect. 

Values  for  radial,  tangential,  and  volumetric 
shrinkage  from  the  green  to  oven-dry  condition 
are  shown  in  Table  2  for  twelve  tropical  woods 
and  a  number  of  well-known  furniture  woods. 
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Seasoning  Characteristics^ 

The  air-seasoning  characteristics  of  each  of 
these  species  have  been  observed  in  the  course 
of  air  drying  2x2  in.  squares  and  5/4  in. 
boards.  Each  species  has  been  evaluated  with 
respect  to  rate  of  drying,  tendency  to  warp, 
check,  or  split,  and  development  of  seasoning 
stresses.  Results  of  these  observations  and  de¬ 
terminations  are  presented  in  Table  3,  which 
also  includes  an  over-all  rating  of  seasoning 
characteristics  under  the  heading  “Seasoning 
Classification”. 

Species  Descriptions^ 

1.  Astronium  graveolens  Jacq. 

Goncalo  Alves 
Astronium  is  an  important  genus  including 
about  a  dozen  species  of  medium  to  large  tim- 

^Data  on  seasoning  characteristics  have  been  col¬ 
lected  under  the  direction  of  Prof.  Fred  E.  Dickinson, 
Yale  School  of  Forestry. 

*  Some  of  the  information  presented  in  this  section 
is  based  upon  descriptions  contained  in  "Timbers  of 
the  New  World”,  by  Samuel  J.  Record  and  Robert 
W.  Hess,  published  by  Yale  University  Press  in 
1943. 


ber  trees  occurring  throughout  Tropical  Amer¬ 
ica  from  southern  Mexico  to  Argentina.  Gon- 
(alo  alves  is  characteristic  of  a  distinct  section 
of  the  genus  Astronium  in  which  the  wood  is 
marked  with  blackish  bands  of  variable  size 
and  spacing. 

Seasoned  heartwood  yellowish  to  dark  brown 
or  reddish,  usually  with  a  conspicuous  blackish 
striping.  Sapwood  moderately  wide  (two  to 
four  inches),  sharply  demarcated,  pale  brown 
tinged  with  gray.  Grain  variable,  straight  to 
roelike,  often  producing  a  pleasing  stripe  on 
the  quarter-sawed  surface.  Texture  fine,  uqi- 
form ;  growth  layers  indistinct.  The  wood  often 
displays  a  striking  figure  as  a  result  of  the 
irregular  occurrence  of  dark  longitudinal 
bands.  Odor  and  taste  not  distinctive.  Exceed¬ 
ingly  heavy,  comparable  in  this  respect  to 
greenheart  with  an  average  specific  gravity  of 
0.81  (0.72  to  0.94)  based  on  oven-dry  weight 
and  green  volume.  Weight  per  cubic  foot  aver¬ 
ages  75  pounds  in  the  green  condition  and  60 
pounds  when  air  dry. 


.20  .40  .60  .60  LOO 

SPECIFIC  GRAVITY  (OVCN  DRY  WOCHT  AND  CRCCN  VOLUME) 


Fig.  1. — Comparative  shrinkage  values  for  representative  tropical  and  domestic  hardwoods. 
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Table  2. — Shrinkage  Properties  of  Twelve  Tropical  American  Woods  Compared  With 
Well-Known  Furniture  Woods 


Shrinkage  (percent) 


Species 

Source 

Specific  Gravity 

Radial 

Tangential 

Vcdumetric 

Green  volume 

basis 

0.81 

3.8 

7.7 

11.8 

(^Ironium  graotoUru) 
Courbaril _ 

Honduras,  Surinam,  Puerto  Rico _ 

.70 

4.4 

8.6 

12.6 

Mymenaea  courbaril) 
Tatajuba.. . 

Brazil _ 

.68 

6.2 

6.6 

10.2 

(Bagatta  guianeruU) 

Nargusta _ 

(Jjrminalia  amazonia) 
White  oak>.. . 

British  Guiana,  British  Honduras _ 

.66 

6.0 

8.0 

12.8 

.60 

6.8 

9.0 

15.8 

(Qutrcut  alba) 

Angelique _ 

Surinam _ 

.60 

4.6 

8.2 

14.0 

{Dicorynia  baragnsU) 

.60 

2.8 

6.7 

9.6 

(Bucfienavia  capUata) 

Sugar  maple* _ 

United  States _ 

.56 

4.9 

9.6 

14.9 

(Acer  taccharum) 

Hububalli _ 

British  Guiana,  Surinam _ 

.66 

3.4 

7.2 

11.1 

(Loxobterygium  Sagotii) 
PrijoliUo . 

Honduras _ 

.66 

2.9 

4.6 

7.6 

(Psgudosamanea  guachapgie) 

.66 

7.2 

9.2 

16.7 

(Betula  lulea) 

Roble  bianco _ 

British  Honduras,  Honduras _ 

.62 

8.6 

6.0 

9.1 

^abebuia  pentaphylla) 

Black  walnut* _ 

United  States _ 

.61 

6.2 

7.1 

11.3 

Uuglaru  nigra) 

Black  cherry* _ 

United  States _ 

.47 

3.7 

7.1 

11.6 

(Prunus  serolina) 

Mahogany* _ 

^wigtenia  macrot>hylla) 

Cmttral  America _ 

.46 

3.5 

4.8 

7.7 

.44 

6.2 

9.0 

16.0 

(Liquidambar  styraci/lua) 
Laartl  bianco _ _ 

British  Honduras,  Honduras,  Nicaragua... 

.42 

8.1 

6.7 

"8.7  - 

(Cordia  alliodora) 

.41 

4.2 

6.8 

10.3 

{Cgdrela  Tonduzii) 

6.2 

.40 

3.1 

8.7 

Tabebuia  DonrxellSmithii) 

'Data  from  Forest  Products  Laboratory,  Madison,  Wis. 

Table  3. — Seasoning  Characteristics  of  Twelve 

Tropical  American 

Woods  Having 

Potential  Appucations  in  Furniture 


Warping* 

Checking  and 

Seasoning 

Rate  of 

Crook 

spUtting* 

Case- 

claasifi- 

Species 

Source 

drying*  &  Bow  Cup 

Twist 

End 

Surface 

hardening* 

cation* 

Goncalo  alves _ 

Honduras _ 

Moderate 

c 

B 

C 

C 

B 

A 

II 

(^tronium  grateolens) 

Courbaril _ 

Honduras,  Surinam, 

(Hymenaea  courbaril) 

Puerto  Rico _ 

Fast  to 

Moderate 

B-C 

A-B 

A-B 

A-B 

A-B 

A-C 

II 

Moderate 

B 

A 

B 

A 

A 

A 

II 

(Bagassa  guianeruie) 

Nargusta _ 

British  Guiana,  British 

(Termirtalia  amaZonid)  * 

Honduras _ _ 

Fast  to 

Moderate 

B 

A 

A 

A-D 

A-C 

A 

I-III 

Angelique _ 

Surinam _ 

Fast 

B 

B 

A 

C 

C 

C 

II 

(Dicorynia  ^raeruis) 

Yellow  Sanders _ 

Puerto  Rico _ 

Fast 

B 

A 

A 

B 

B 

A 

I 

(Buchenavia  capitata) 

Hububalli _ _ _ 

British  Guiana,  Surinam.  .  .  . 

Fast  to 

(Loxopterygium  Sagotii) 

Moderate 

B-C 

A-B 

A-B 

A-D 

A-D 

A 

I-II 

PrijoliUo . 

Honduras _ 

Moderate 

C 

A 

A 

A 

A 

A 

I 

^seudosamanea  guachapele) 

Roble  bianco _ 

Birtish  Honduras,  Honduras. 

Fast 

B 

A-B 

A 

A 

A-B 

B 

I 

(Tabebuia  pentaphylla) 

Laurel  bianco _ 

British  Honduras,  Honduras, 

* 

(Cerdia  alliodora) 

Nicaragua _ 

Fast 

A-B 

A-B 

A-B 

A-B 

A-B 

A 

I 

Celro  granadino _ _ _ 

Panama _ 

Fast 

A 

A 

A 

A 

A 

A 

I 

(Cedrela  Torviuzii) 

fMme  verm _ _ 

Honduras - - 

Fast 

B 

A 

B 

A 

A 

A 

I 

(Tabebuia  DonnMSmithii) 

iRate  of  drying  baaed  on  April  to  November  air-aeaaoning  conditions  in  New  Haven,  Conn. 

Fast:  Leas  than  120  days  from  green  condition  to  16  percent  moisture  content. 

Moderate:  120  to  200  days  from  green  condition  to  16  percent  moisture  content. 

Slow:  More  than  200  days  from  green  condition  to  16  percent  moisture  content. 

^Warning,  checking,  and  splitting:  A — None;  B — Slight;  C — Moderate;  D — Severe. 

^Caaeharaening:  A — None;  B— Slight;  C — Severe. 

‘‘Seasoning  Classification:  I  — Easy  to  season  (comparable  to  mahoganV  and  yellow  poplar);  . 

II  — Moderately  difficult  to  season  (comparable  to  gum  and  yellow  birch); 

III — Difficult  to  season  (comparable  to  white  oak  and  beech). 


77 


1 


FOREST  P R O D U C T S  R E S E A R C H  SOCIETY 


Based  on  observation  of  a  limited  amount 
of  material  from  Honduras,  the  wood  should 
be  seasoned  at  a  moderate  to  slow  rate  to  avoid 
excessive  checking  and  warping. 

The  mechanical  properties  of  Astronium 
graveolens  are  considerably  higher  in  most  re¬ 
spects  than  any  well-known  domestic  species. 
In  comparison  with  white  oak,  the  wood  is 
markedly  stronger  in  all  properties  for  which 
comparable  data  are  available,  except  tension 
across  the  grain  and  cleavage,  for  which  white 
oak  shows  a  slight  advantage. 

Shrinkage  is  moderately  low,  especially  in 
consideration  of  the  high  density  of  the  wood. 
Volumetric  shrinkage  of  11.8  percent  is  com¬ 
parable  to  that  of  black  walnut  and  consider¬ 
ably  less  than  that  of  white  oak.  Radial  shrink¬ 
age  of  3.8  percent  is  especially  low;  tangen¬ 
tial  shrinkage  of  7.7  percent  is  intermediate  to 
that  of  black  walnut  and  white  oak.  The  ratio 
of  tangential  to  radial  shrinkage  is  relatively 
high,  indicative  of  non-uniform  shrinkage  in 
these  two  directions. 

2.  Bagassa  guianensis  Aubl.  Tatajuba 

Tatajuba  is  a  large  forest  tree  of  rather  in¬ 
frequent  occurrence  throughout  the  Guianas 
and  the  Amazon  regicm  of  Brazil. 

Seasoned  heartwood  lustrous  golden  brown 
to  msset.  Sapwood  narrow,  sharply  demarcated, 
pale  yellow  to  nearly  white.  Grain  usually  in¬ 
terlocked,  resulting  in  a  rather  broad  stripe  fig¬ 
ure  on  the  radial  surface.  Texture  medium  to 
coarse,  moderately  uniform;  growth  layers  in¬ 
distinct.  Odor  and  taste  not  distinctive  when 
seasoned.  Very  heavy,  comparable  to  hickory, 
with  an  average  specific  gravity  of  0.68  (0.62 
to  0.71)  based  on  oven-dry  weight  and  green 
volume.  Weight  per  cubic  foot  averages  67 
pounds  in  the  green  condition  and  50  pounds 
when  air  dry. 

The  wood  air  seasons  at  a  moderate  rate  with 
very  little  tendency  to  warp  or  check,  based  on 
observations  of  a  limited  amount  of  material 
from  Brazil. 

The  strength  properties  of  Bagassa  guianensis 
in  the  green  condition  exceed  those  of  any 
well-known  domestic  timber.  Although  only 
slightly  heavier  than  hickory,  it  exceeds  that 


species  in  all  prt^rties  for  which  comparable 
data  are  available  except  work  to  maximum 
load  in  static  bending.  The  margin  of  differ¬ 
ence  is  particularly  conspicuous  in  elastic  resili¬ 
ence,  stiffness,  and  crushing  strength.  The  supe¬ 
riority  of  tatajuba  is  even  more  evident  in  a 
general  comparison  with  white  oak,  although 
here  the  values  for  tension  across  the  grain  and 
cleavage  are  somewhat  below  those  for  oak. 

Shrinkage  is  exceptionally  low  among  spe¬ 
cies  of  comparable  high  density.  Volumetric 
shrinkage  of  10.2  percent  is  only  two-thirds 
that  of  oak  and  approximately  the  same  as 
that  of  black  locust,  a  slightly  lighter  North 
American  species,  noted  for  its  dimensional 
stability.  Values  for  radial  shrinkage  of  5.2 
percent  and  tangential  shrinkage  of  6.6  percent 
are  indicative  of  unusual  uniformity  in  these 
two  directions. 

3.  Buchenavia  capitata  (Vahl.)  Eich. 

Yellow  Sanders 

Yellow  Sanders  is  a  tree  of  the  West  Indies 
and  tropical  South  America  attaining  a  height 
of  80  feet  and  a  diameter  of  3  feet  above  large 
buttresses. 

Seasoned  heartwood  yellow-  to  golden-brown 
usually  with  a  gray  or  olive  hue.  Sapwood  light 
yellow-brown.  Grain  more  or  less  interlocked, 
producing  a  distinct  roe  figure  on  the  radial 
surface  and  an  attractive  figure  on  the  tangen¬ 
tial  surface  characterized  by  the  wavy  course  of 
the  prominent  vessels ;  texture  medium  to  rather 
coarse,  uniform;  growth  layers  not  distinct. 
Faint  spicy  odor  and  mildly  bitter  taste  when 
seasoned.  Heavy  to  very  heavy,  comparable  to 
white  oak,  with  an  average  specific  gravity  of 
0.60  (0.52  to  0.67)  based  on  oven-dry  weight 
and  green  volume.  Weight  per  cubic  foot  aver¬ 
ages  62  pounds  in  the  green  condition  and  44 
pounds  when  air  dry. 

Observations  made  on  a  limited  sample  of 
material  of  this  species  indicate  that  it  can  be 
air  seasoned  at  a  fast  rate  with  only  slight  warp¬ 
ing  and  checking  developing.  It  compares  in 
air-seasoning  characteristics  with  yellow  poplar. 

When  compared  with  other  woods  of  similar 
density,  Buchenavia  capitata  is  approximately 
average  in  static-bending  strength  and  elastic 
resilience  (as  measured  by  work  to  propor- 
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tional  limit),  crushing  strength,  compression 
across  the  grain,  shear,  and  toughness.  It  is 
above  average  in  hardness,  slightly  above  aver¬ 
age  in  tension  perpendicular  to  grain  and  cleav-  • 
age  resistance,  and  somewhat  below  average  in 
sti£Fness  and  shock  resistance  as  measured  by 
work  to  maximum  load  in  static  bending.  Yel¬ 
low  Sanders  exceeds  white  oak  in  all  properties 
except  work  to  maximum  load  in  which  it  is 
approximately  three-fourths  as  strong. 

Shrinkage  is  exceptionally  low  among  woods 
of  comparable  density.  In  volumetric  shrink¬ 
age,  with  a  value  of  9.6  percent,  it  is  far  more 
stable  than  white  oak  and  may  be  classed  with 
black  locust  and  teak,  both  of  which  are  noted 
for  their  exceptionally  low  shrinkage.  On  the 
basis  of  its  low  shrinkage  of  2.8  percent  radi¬ 
ally  and  of  5.7  percent  tangentially,  the  wood 
is  nearly  comparable  to  teak,  although  the  high 
ratio  of  tangential  to  radial  shrinkage  is  in¬ 
dicative  of  somewhat  less  uniformity  than  teak 
in  this  characteristic. 

4.  Cedrela  Tonduzit  C.  DC. 

Cedro  Granadino 

Cedro  granadino  is  a  large  tree,  one  of  many 
closely  related  species  of  the  genus  Cedrela. 
Species  of  Cedrela  grow  in  every  covmtry  of 
the  New  World  south  of  the  United  States 
except  Chile,  but  Cedro  granadino  is  found  in 
Panama  and  Costa  Rica. 

Heartwood  becoming  rich  red  brown  upon 
exposure  and  drying.  Sapwood  pinkish,  two  to 
four  inches  wide,  clearly  demarcated  from  the 
heartwood.  Grain  usually  straight;  texture  me¬ 
dium,  imiform;  growth  layers  delineated  by  in¬ 
conspicuous  light  lines.  General  appearance 
chiefly  charatterized  by  scattered  lines  of  ves¬ 
sels  on  a  plain  background  with  a  satiny  sheen. 
No  perceptible  odor  or  characteristic  taste  when 
seasoned.  Moderately  light,  comparable  to  Port 
Orford  cedar,  with  a  specific  gravity  of  0.4 1 
(0.32  to  0.45)  based  on  oven-dry  weight  and 
green  volume.  Weight  per  cubic  foot  averages 
43  pounds  in  the  green  condition  and  31 
pounds  when  air  dry. 

The  wood  air  seasons  readily  and  may  be 
dried  at  a  fast  rate  with  no  apparent  damage. 
It  compares  very  favorably  with  eastern  white 
pine  in  its  seasoning  characteristics. 

Cedrela  Tonduzit  is  intermediate  to  Port  Or¬ 
ford  cedar  and  mahogany  in  density  as  well  as 


in  most  properties  for  which  comparable  data 
are  available.  It  is  comparable  to  mahogany  in 
stiffness  and  shows  a  degree  of  shock  resist¬ 
ance  approximately  equal  to  that  of  Port  Or¬ 
ford  cedar. 

Cedra  granadino  is  characterized  by  moder¬ 
ate  shrinkage.  Radial  shrinkage  of  4.2  percent, 
tangential  of  6.3  percent,  and  volumetric 
shrinkage  of  10.3  percent,  correspond  closely 
in  magnitude  to  shrinkage  values  for  Port  Or¬ 
ford  cedar,  and  are  somewhat  more  uniform 
and  numerically  less  than  values  for  yellow 
poplar,  a  lighter  wood. 

5.  Cordia  alliodora  (R.  and  P.)  Cham. 

Laurel  Blanco 

Laurel  bianco  is  a  medium  to  large  tree 
widely  distributed  in  the  West  Indies  and 
throughout  Central  America  and  the  South 
American  tropics. 

Heartwood  drying  to  a  pale  golden  brown 
to  brown  with  dark  streaks.  Sapwood  one  to 
three  inches  wide,  not  sharply  demarcated,  yel¬ 
lowish  to  light  brown.  Grain  generally  straight, 
sometimes  interlocked;  texture  fine  to  medium, 
uniform;  growth  rings  delineated  by  narrow 
dark  streaks  as  seen  on  side-grain  surfaces. 
Small  dark  rays  give  the  wood  a  mottled  ap¬ 
pearance  on  the  radial  surface.  No  distinctive 
odor  or  taste  except  in  the  darker  colored  speci¬ 
mens  which  have  a  distinct  spicy  odor.  Moder¬ 
ately  light  to  moderately  heavy,  comparable  to 
mahogany,  with  an  average  specific  gravity  of 
0.42  (0.31  to  0.56)  based  on  oven-dry  weight 
and  green  volume.  Weight  per  cubic  foot  aver¬ 
ages  58  pounds  in  the  green  condition  and  31 
pounds  when  air  dry. 

The  wood  air  seasons  rapidly.  Only  a  slight 
amount  of  checking  and  warping  result  from 
rapid  air  drying.  It  is  comparable  to  yellow 
poplar  in  its  seasoning  characteristics. 

The  mechanical  properties  of  laurel  bianco 
are  above  average  Jor  woods  of  comparable 
density  in  all  static-bending  properties  except 
stiffness.  With  the  exception  of  hardness, 
strength  values  are  intermediate  to  those  of  ma¬ 
hogany,  a  slightly  heavier  wood,  and  Alaska 
cedar,  characterized  by  the  same  density  as 
Cordia  alliodora.  In  hardness  laurel  bianco  ex¬ 
ceeds  mahogany  by  an  appreciable  margin. 

Shrinkage  is  relatively  low.  Volumetric 
shrinkage  of  8.7  percent  is  intermediate  be- 


79 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


tween  that  of  mahogany  and  Alaska  cedar. 
Radial  and  tangential  shrinkage  values  of  3.1 
percent  and  6.7  percent  respectively  are  in 
about  the  same  ratio  as  Alas^  cedar,  indica-  * 
tive  of  non-uniform  shrinkage  in  these  two 
directions  in  contrast  to  the  exceptionally  uni¬ 
form  shrinkage  of  mahogany. 

6.  DicOrynia  paraensis  Benth.  Angeuque 

Angelique  is  a  large  tree  growing  to  a 
height  of  130  feet  and  a  diameter  of  3  feet  in 
the  Amazon  basin  and  the  Guianas. 

Seasoned  heartwood  brown  or  gray  brown, 
often  with  a  purplish  tinge,  and  frequently 
characterized  by  dark  brown  streaks;  distinctly 
lustrous.  Sapwood  narrow,  sharply  demarcated, 
light  brown.  Grain  usually  straight.  Texture 
medium,  uniform,  although  vessels  are  promi¬ 
nent  as  long  brown  lines  on  side-grain  surfaces 
producing  an  attractive  figure  somewhat  re¬ 
sembling  that  of  walnut;  growth  layers  indis¬ 
tinct,  ripple  marks  present.  Heartwood  with¬ 
out  a  distinctive  odor  or  taste  when  seasoned. 
Heavy  to  very  heavy,  comparable  to  white  oak, 
with  an  average  specific  gravity  of  0.60  (0.34 
to  0.63)  based  on  oven-dry  weight  and  green 
volume.  Weight  per  cubic  foot  averages  67 
pounds  in  the  green  condition  and  43  pounds 
when  air  dry. 

The  wood  has  a  tendency  to  check  and  split 
in  drying  and  should  be  air  seasoned  at  a  mod¬ 
erate  to  slow  rate  to  minimize  these  defects. 
Thick  stock  tends  to  become  severely  case- 
hardened. 

In  most  of  its  mechanical  properties  in  the 
^een  condition,  Dicoryma  paraensis  is  similar 
to  teak  which  is  characterized  by  the  Same 
average  density.  Comparison  with  white  oak 
shows  a  distinct  margin  of  superiority  over 
oak  in  bending  properties,  except  for  work  to 
maximum  load  in  which  the  two  species  are 
nearly  identical.  Angelique  is  almost  30  per¬ 
cent  stiffer  than  oak.  Crushing  strength  is  also 
notably  higher  than  for  oak,  but  smaller  and 
sometimes  insignificant  differences  are  shown 
for  the  remaining  properties  that  are  com¬ 
pared.  The  comparison  with  teak  is  quite  con¬ 
sistent  throughout,  indicative  of  the  close  simi¬ 
larity  of  the  two  woods  from  a  mechanical 
standpoint.  ; 

Shrinkage  values  are  comparable  to  such 
well-known  domestic  woods  as  red  oak  and 


hard  maple.  Volumetric  shrinkage  of  14.0  per¬ 
cent  is  intermediate  to  that  of  maple  and  oak; 
radial  shrinkage  of  4.6  percent  and  tangential 
shrinkage  of  8.2  percent  are  also  comparable  in 
magnitude  and  ratio  to  these  two  species.  In 
all  respects  its  shrinkage  is  about  twice  that 
of  teak,  which  it  so  closely  resembles  in  me¬ 
chanical  properties. 

Results  of  ash-content  determinations,  made 
on  Surinam  specimens  as  a  part  of  the  current 
study,  show  that  the  heartwood  has  an  average 
ash  content  of  0.32  percent  including  a  silica 
content  of  0.28  percent.  Although  the  over-all 
ash  content  is  not  extraordinary,  the  silica  con¬ 
tent  is  exceptionally  high  and  warrants  further 
study  from  the  standpoint  of  its  possible  dull¬ 
ing  effect  on  woodworicing  saws  and  knives. 

7.  Hymenaea  courbaril  L.  Courbaril 

G>urbaril  is  a  large  tree  exceeding  100  feet 
in  height  and  6  feet  or  more  in  diameter.  It  is 
widely  distributed  throughout  Tropical  Amer¬ 
ica  from  Mexico  and  the  West  Indies  to 
Bolivia. 

Seasoned  heartwood  russet  to  reddish  brown, 
often  with  dark  streaks.  Sapwood  generally 
wide,  especially  in  rapidly  grown  second- 
growth  trees,  white  to  gray,  usually  sharply 
demarcated  from  the  heartwood.  Grain  com¬ 
monly  interlocked ;  texture  mostly  medium, 
uniform;  growth  layers  not  distinct  except  as 
limited  by  a  band  of  terminal  parenchyma. 
The  sapwood  has  an  attractive  appearance,  re¬ 
sembling  hard  maple  on  the  radial  surface, 
whereas  the  figure  on  the  tangential  surface  is 
distinguished  chiefly  by  its  lustrous  sheen 
marked  with  scattered  lines  of  vessels.  The 
wood  has  no  distinctive  odor  or  taste  when  sea¬ 
soned.  Very  heavy,  comparable  to  North  Ameri¬ 
can  black  locust;  with  an  average  specific  grav¬ 
ity  of  0.70  (0.62  to  0.80)  based  on  oven-dry 
weight  and  green  volume.  Weight  per  cubic 
foot  averages  70  pounds  in  the  green  condi¬ 
tion  and  32  pounds  when  air  dry. 

Observations  made  on  material  from  Suri¬ 
nam,  Honduras,  and  Puerto  Rico  indicate  that 
this  species  can  be  air  seasoned  without  diffi¬ 
culty  at  a  moderate  to  fast  rate  with  very  little 
warping  or  checking.  Other  reports  indicate 
that  material  of  the  same  species  from  Brazil 
seasons  with  a  minimum  of  checking  and  warp- 
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ing.  It  compares  with  black  walnut  in  its  dry¬ 
ing  characteristics. 

The  mechanical  properties  of  courbaril  in 
the  green  condition  are  in  general  intermediate 
to  those  of  such  well-known  strong  domestic 
woods  as  black  locust  and  shagbark  hickory. 
In  comparison  with  most  woods  of  similar 
density,  courbaril  is  slightly  below  the  average 
in  bending  strength,  stiffness,  and  crushing 
strength,  and  scMnewhat  above  average  in 
shock  resistance,  hardness,  compression  per¬ 
pendicular  to  grain,  cleavage,  and  tension  per¬ 
pendicular  to  the  grain. 

Volumetric  shrinkage  of  12.6  percent  is  in¬ 
termediate  between  that  of  blade  locust  and 
shagbark  hickory,  both  woods  of  somewhat 
lower  density  than  courbaril.  Black  locust  is 
characterized,  among  woods  of  its  weight 
dass,  by  its  exceptionally  low  shrinkage  and 
Hymenaea  courbaril  also  occupies  a  relatively 
favorable  position  in  this  respect.  Although 
radial  shrinkage  of  4.4  percent  and  tangential 
shrinkage. of  8.6  percent  are  moderate,  the  ratio 
of  tangential  to  radial  shrinkage  values  is  rela¬ 
tively  high,  indicative  of  non-uniform  shrink¬ 
age. 

8.  Loxopterygium  Sagotii  Hook.  f. 

Hububalli 

Hububalli  is  a  fairly  common  tree  attaining 
a  height  of  100  feet  in  the  forests  throughout 
its  range  which  extends  from  Venezuela  and 
Guianas  to  Argentina. 

Seasoned  heartwood  brown  or  reddish  brown 
characterized  by  dark  brown  streaks  of  irregu¬ 
lar  width  and  occurrence.  Sapwood  two  to 
three  inches  wide,  not  distinctly  defined.  Grain 
commonly  interlocked.  Texture  medium,  uni¬ 
form;  growth  layers  indistinct.  Oil  specks  evi¬ 
dent  on  the  lighter  colored  surfaces.  Heart- 
wood  without  a  distinctive  odor  or  taste  when 
seasoned.  Heavy,  comparable  to  yellow  birch, 
with  an  average  specific  gravity  of  0.56  (0.47 
to  0.65)  based  on  oven-dry  weight  and  green 
volume.  Weight  per  cubic  foot  averages  69 
pounds  in  the  green  condition  and  41  pounds 
when  air  dry. 

The  wood  appears  to  vary  greatly  in  its  sea¬ 
soning  characteristics.  Material  from  Surinam 
air-seasoned  readily  at  a  fast  rate  with  no 
checking  and  only  slight  warping,  whereas  that 
from  British  Honduras,  drying  at  a  moderate 


rate,  developed  severe  end  and  surface  checks 
and  showed  a  definite  tendency  to  warp. 

The  mechanical  properties  of  Loxopterygium 
Sagotii  in  the  green  condition  are  representa¬ 
tive,  in  general,  of  the  majority  of  woods  of 
comparable  density.  Although  of  similar  den¬ 
sity,  it  exceeds  yellow  birch  in  every  strength 
property  except  work  to  maximum  load  in 
static  bending.  In  many  respects  its  properties 
are  similar  to  those  of  te^.  Loxoptergium 
Sagotii  is  slightly  lighter  than  teak,  and  some¬ 
what  lower  in  static-bending  strength,  elastic 
resilience,  shock  resistance,  and  crushing 
strength.  It  is  similar  to  teak  in  stiffness,  hard¬ 
ness,  compression  across  the  grain,  and  shear. 

Shrinkage  is  moderate.  Average  volumetric 
shrinkage  of  11.1  percent  is  almost  identical  to 
that  of  black  walnut,  a  lighter  species.  Radial 
shrinkage  of  3.4  percent  and  tangential  shrink¬ 
age  of  7.2  percent  indicate  a  considerable  dif¬ 
ference  between  dimensional  changes  in  these 
two  directions. 

9.  Pseudosamanea  guachapele  (H.B.K.)  Harms 

Frijolillo 

Frijolillo  is  a  medium  to  large  tree  found 
from  Guatemala  and  Salvador  to  Venezuela 
and  Ecuador. 

Seasoned  heartwood  yellow-brown  or  rich 
brown,  with  a  golden  luster.  Sapwood  thin, 
whitish,  and  rather  sharply  demarcated  from 
the  heartwood.  Grain  interlocked  to  a  pro¬ 
nounced  degree,  producing  a  conspicuous 
striped  figure  on  the  radial  surface.  Texture 
medium  to  rather  coarse,  uniform;  growth  lay¬ 
ers  indistinct.  Tasteless  and  odorless  when  sea¬ 
soned.  Heavy,  comparable  in  this  respect  to 
hard  maple,  with  an  average  specific  gravity 
of  0.56  (0.50  to  0.62)  based  on  oven-dry 
weight  and  green  volume.  Weight  per  cubic 
foot  averages  56  pounds  in  the  green  condi¬ 
tion  and  41  pounds  when  air  dry. 

The  wood  air  seasons  readily  and  can  be 
dried  at  a  moderate  to  fast  rate.  Warping  is 
the  only  serious  defect  and  is  probably  the  re¬ 
sult  of  interlocked  grain  which  is  prevalent  in 
this  species. 

Pseudosamanea  guachapele  with  a  specific 
gravity  identical  to  that  of  hard  maple  is  ex¬ 
ceeded  by  the  latter  in  all  strength  properties 
except  side  hardness  and  compression  per¬ 
pendicular  to  the  grain.  The  wood  is  closely 
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comparable  in  most  strength  properties  to  white 
oak. 

Frijolillo  is  characterized  by  exceptionally 
low  shrinkage.  The  wood  shrinks  only  about 
half  as  much  as  oak.  Volumetric  shrinkage  of 
7.6  percent,  radial  2.9  percent,  and  .tangential 
4.5  percent  are  each  less  than  the  corresponding 
value  for  black  locust  and  closely  approach  the 
values  for  teak. 

10.  Tabebuia  Donnell-Smithii  Rose 

Prima  Vera 

Prima  vera  is  a  large  tree  with  a  long  smooth 
bole  often  4  feet  in  diameter.  Its  range  ex¬ 
tends  from  Mexico  through  Guatemala,  Salva¬ 
dor,  and  Honduras. 

Heartwood  drying  to  shades  of  pale  yellow 
to  light  brown.  Sapwood  not  clearly  demar¬ 
cated,  slightly  paler  than  the  heartwood.  Grain 
commonly  interlocked,  producing  a  pronounced 
roe  figure  on  the  radial  surface.  Texture  me¬ 
dium  to  rather  coarse,  uniform;  growth  layers 
relatively  indistinct;  heartwood  without  char¬ 
acteristic  odor  or  taste  when  seasoned.  Mod¬ 
erately  light,  comparable  to  yellow  poplar,  with 
an  average  specific  gravity  of  0.40  (0.35  to 
0.46)  based  on  oven-dry  weight  and  green 
volume.  Weight  per  cubic  foot  averages  40 
pounds  in  the  green  condition  and  29  pounds 
when  air  dry. 

The  wood  is  readily  air  seasoned  and  may 
be  dried  at  a  fast  rate  without  serious  checking 
or  warping.  It  is  comparable  in  its  drying 
characteristics  to  basswood. 

On  the  basis  of  data  from  the  present  study, 
Tabebuia  Donnell-Smithii  lies  well  below  Cen¬ 
tral  American  mahogany,  a  slightly  denser 
wood,  in  all  strength  properties  except  hard¬ 
ness  and  compression  across  the  grain.  It 
should  be  mentioned,  however,  that  previously 
published  data  on  the  properties  of  prima  vera 
from  Honduras  show  considerably  higher 
strengths  in  all  properties  with  the  exception 
of  hardness,  indicating  considerable  variation 
in  this  species.  In  many  respects  the  properties 
of  the  wood  are  comparable  to  those  of  holly. 
Although  holly  is  25  percent  heavier,  prima 
vera  exceeds  it  in  all  properties  except  hard¬ 
ness,  shear,  and  work  to  maximum  load.  Only 
in  the  latter  property  is  this  deficiency  at  all 
significant. 


The  wood  is  characterized  by  low  shrinkage 
values  comparable  to  those  of  Central  Ameri¬ 
can  mahogany.  Radial  shrinkage  of  3.1  percent 
is  exceptionally  low;  tangential  shrinkage  of 
5.2  percent  and  volumetric  shrinkage  of  8.7 
percent  are  only  slightly  greater  than  compar¬ 
able  values  for  mahogany. 

11.  Tabebuia  pentaphylla  (L.)  Hemsl. 

Roble  Blanco 

Roble  bianco  is  one  of  the  best  known  and 
useful  trees  of  Central  America.  The  tree  is 
medium  to  large,  commonly  attaining  heights 
of  80-90  feet,  in  its  range  extending  from 
Mexico  to  Ecuador. 

Seasoned  heartwood  grayish  brown,  finely 
striped  with  deep  brown.  Sapwood  narrow, 
not  clearly  diflFerentiated  from  the  heartwood, 
becoming  pale  brown  upon  exposure  and  dry¬ 
ing.  Grain  straight  to  interloped,  producing 
a  fine,  striped  figure  on  the  quarter-sawed  sur¬ 
face  when  interlocked.  A  conspicuous  irregular 
pattern  of  brown  parenchyma  characterizes  the 
tangential  surface.  Texture  medium  to  rather 
coarse;  growth  layers  visible  but  not  sharply 
defined;  ripple  marks  present.  Heartwood  with¬ 
out  distinctive  odor  or  taste  when  seasoned. 
Heavy,  comparable  to  white  ash,  with  an  aver¬ 
age  specific  gravity  of  0.52  (0.44  to  0.63) 
based  on  oven  dry  weight  and  green  volume. 
Weight  per  cubic  foot  averages  55  pounds  in 
the  green  condition  and  38  pounds  when  air 
dry. 

The  wood  may  be  air  seasoned  at  a  fast 
rate  with  little  or  no  checking  and  only  slight 
warping.  In  its  seasoning  properties,  it  com¬ 
pares  favorably  with  yellow  poplar. 

In  comparison  with  two  well  know  species 
in  the  United  States,  white  ash  and  white  oak, 
roble  bianco  is  distinctly  higher  than  both  in 
bending  strength,  elastic  resilience,  crushing 
strength,  and  tension  across  the  grain.  It  is  in¬ 
termediate  to  white  ash  and  oak  in  stiffness, 
hardness,  shear,  and  cleavage  and  approxi¬ 
mately  equal  to  oak  in  compression  across  the 
grain  and  shock  resistance.  This  generally 
favorable  ctKnparison  is  shown  in  spite  of  the 
slightly  greater  density  of  ash  and  a  consider¬ 
ably  higher  density  for  white  oak. 

The  wood  is  moderate  in  shrinkage,  inter¬ 
mediate  to  that  of  mahogany  and  black  walnut. 
Volumetric  shrinkage  is  9.1  percent.  Radial 
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shrinkage  of  3.6  percent  and  tangential  of  6.0 
percent  indicate  moderate  uniformity  in  these 
two  directions  although  the  ratio  of  tangential 
to  radial  is  greater  than  in  mahogany. 

12.  Terminalia  amazonta  (Gmel.)  Exell 

Nargusta 

Nargusta  is  a  large  tree  with  a  long,  smooth, 
buttressed  bole  occurring  from  southern  Mex¬ 
ico  through  Central  America  to  the  Guianas, 
6ra2il,  and  Peru. 

Heartwood  yellow  to  greenish  brown,  often 
streaked  or  tinged  with  pink,  when  freshly  cut, 
becoming  slightly  darker  upon  exposure  and 
seasoning.  Sapwood  two  to  five  inches  wide, 
not  clearly  differentiated  from  the  heartwood, 
but  somewhat  paler.  Grain  usually  straight  but 
sometimes  interlocked  resulting  in  a  fairly 
prominent  striped  figure  on  the  radial  surface. 
Texture  medium,  uniform,  growth  layers  not 
clearly  defined.  No  distinctive  odor  or  taste 
when  seasoned.  Very  heavy,  comparable  to 
hickory  in  this  respect,  with  an  average  specific 
gravity  of  0.66  (0.53  to  0.77)  based  on  oven- 
dry  weight  and  green  volume.  Weight  per 
cubic  foot  overages  71  pounds  in  the  green 
condition  and  50  pounds  when  air  dry. 

Observations  of  seasoning  characteristics  of 
this  wood  indicate  considerable  variability. 
Based  on  a  limited  amount  of  material,  Ter¬ 
minalia  amazonta  from  British  Honduras  air 
dries  readily  at  a  fast  rate  with  no  checking 
and  only  a  slight  amount  of  warping,  whereas 
material  from  British  Guiana  dries  more  slowly 
and  both  end  and  surface  checking  are  very 
pronounced,  particularly  in  thick  stock. 

The  strength  properties  of  nargusta  in  the 
green  condition  are  representative  of  a  majority 
of  woods  of  comparable  high  density.  Higher 
density  and  proportionately  higher  strength 
properties  were  found  throughout  for  the  Brit¬ 
ish  Guiana  timber  as  compared  with  that  from 
British  Honduras.  It  is  not  clearly  established 
that  such  differences  may  be  explained  on  the 
basis  of  geographical  origin  or  whether  they 
represent  local  variations  in  site  or  other 
growth  condition.  In  this  respect,  however,  it 
is  interesting  to  observe  that  similar  differences 
were  shown  in  a  previous  comparison  of  this 
species  from  British  Honduras  and  Trinidad, 
the  material  from  British  Honduras  having  the 
lower  density  and  strength. 


In  comparison  with  white  oak,  Terminalia 
amazonta  (based  on  an  average  of  British  Gui¬ 
ana  and  British  Honduras  material)  is  about  10 
percent  hgher  in  density,  about  50  percent 
higher  in  bending  strength,  hardness,  and  com¬ 
pression  across  the  grain;  about  70  percent 
higher  in  crushing  strength,  elastic  resilience, 
and  stiffness;  and  approximately  comparable  in 
tension  across  the  grain,  cleavage,  shear,  and 
shock  resistance. 

Shrinkage  of  the  wood  is  moderate  for  its 
density.  Volumetric  shrinkage  averaging  12.8 
percent  is  considerably  less  than  that  of  hard 
maple,  white  oak,  or  shagbark  hickory.  Radial 
shrinkage  of  5.0  percent  is  comparable  to  that 
of  hard  maple;  tangential  shrinkage  of  8.0  per¬ 
cent  is  less  than  in  maple.  The  ratio  of  shrink¬ 
age  in  these  two  directions  indicates  moderately 
uniform  shrinkage  characteristics. 

Discussion 

-  £.  S.  Harrar  (Drexel  Furniture  Company) : 
Dr.  Wangaard’s  project  is  very  comprehensive 
in  character  and  undoubtedly  will  result  in  the 
release  of  much  useful  information,  but  as  out¬ 
lined  it  will  not  give  the  furniture  manufac¬ 
turer  certain  data  of  the  sort  he  needs  on  new 
or  little  known  species.  Voluminous  mechan¬ 
ical  data  are  of  little  use  to  him  since  case 
goods  are  not  stress-designed.  Good  dimen¬ 
sional  stability,  on  the  other  hand,  is  a  primary 
requisite  of  any  furniture  wood,  and  I  am 
pleased  to  see  that  wood-moisture  relationships 
are  being  thoroughly  investigated. 

An  adequate  and  continuous  supply  of  mate¬ 
rial  at  a  price  that  will  permit  of  the  produc¬ 
tion  of  goods  in  a  highly  competitive  market 
is  a  must.  Hence,  it  is  suggested  that,  if  pos¬ 
sible,  you  include  as  a  part  of  your  research  a 
study  relating  to  availability  or  potential  avail¬ 
ability,  how  the  logs  of  a  given  species  will 
break  down  into  lumber  grades,  and  give  an 
approximation,  percentagewise,  of  the  volume 
for  each  grade  per  one  thousand  feet  B.  M. 

In  the  manufacture  of  modern  and  func¬ 
tional  furniture,  there  is  a  definite  trend  toward 
the  use  of  "blonds.”  To  be  any  use  in  the 
furniture  industry  woods  in  this  category  must, 
of  necessity,  be  uniformly  colored.  Hence,  it 
might  be  well  to  give  specific  mention  to  color 
as  well  as  to  report  the  range  in  variation  if 
such  exists,  for  each  species  examined. 
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Finally,  it  is  also  suggested  that  as  a  part  of 
your  study  you  endeavor  to  ascertain  suitable 
ways  and  means  of  protecting  green  logs 
against  the  ravages  of  ambrosia  beetles  and  the 
attack  of  fungal  stains  immediately  following 
extraction  from  the  forest  in  order  that  the 
logs  upon  their  arrival  at  American  ports  of 
entry  will  have  the  highest  possible  market 
value. 

Dr.  Wangaard:  In  reply  to  Prof.  Harrar’s 
comments,  I  probably  should  repeat  that  the 
data  presented  in  this  paper  have  been  collected 
with  a  more  general  objective  in  mind  than 
suitability  for  one  specific  product,  such  as  fur¬ 
niture.  Perhaps  some  of  the  mechanical  data 
presented  are  of  little  concern  to  the  furniture 
manufacturer  who  is  not  designing  hi;  product 
on  the  basis  of  ‘  mechanical  stress.  Neverthe¬ 
less,  such  information  together  with  data  on 
physical  properties  furnishes  the  most  exact 
means  available  of  comparing  an  unknown 
wood  with  one  of  suitable  technical  character¬ 
istics  for  a  given  use. 

Insofar  as  color  is  concerned,  I  am  in  com¬ 
plete  agreement  with  Dr.  Harrar  as  to  the  im¬ 
portance  of  noting  color  variations  for  each 
wood.  Color  descriptions  of  the  woods  here  re¬ 
ported  on  are  included  in  the  paper. 

Prof.  Harrar’s  comments  on  availability  and 
price  are,  of  course,  important.  The  informa¬ 
tion  gathered  in  our  study  as  it  is  now  being 
conducted  provides  a  basis  from  which  it  is 
hoped  other  studies,  particularly  in  the  field  of 
economics,  will  develop.  It  does  not  appear  to 
be  feasible  to  attack  simultaneously  all  of  the 
problems  concerned  with  the  introduction  of  a 
timber  to  new  markets,  but  by  calling  attention 
to  the  possibilities  of  certain  tropical  woods, 
we  have  been  encouraged  to  believe  that  poten¬ 
tial  users  and  producers  could  be  convinced  of 
the  value  of  such  studies  as  Dr.  Harrar  has 
mentioned. 


£.  A.  Bebr  (Chapman  Chemical  Company)  : 
In  general  have  the  species,  thus  far  examined, 
a  thick  or  thin  sapwood? 

Dr.  Wangaard:  Sapwood  width  is  noted  in 
the  paper  under  Species  Descriptiwis  wherever 
sufficient  data  are  available.  Little  generaliza¬ 
tion  is  possible  in  this  respect. 

Air.  Bebr:  Have  the  logs  been  attacked  by 
insects  or  stain  fungi  before  they  arrived  at  the 
testing  laboratory? 

Dr.  Wangaard:  Sapwood  deterioration  in 
shipment  was  fairly  common  both  from  the 
standpoint  of  pinworm  holes  and  staining.  In 
this  connection  it  should  be  mentioned  that  no 
preservative  or  protective  treatment  was  applied 
at  the  point  of  origin  aside  from  painting  the 
’ends  of  the  logs  to  retard  cliecking. 

Air.  Bebr:  Do  you  contemplate  measuring 
the  treatability  of  the  various  species  by  non¬ 
pressure  or  pressure  methods,  using  oil-soluble 
type  preservatives? 

Dr.  Wangaard:  We  have  no  specific  plans 
at  present  to  investigate  the  treatability  of  these 
woods  but  believe  that  such  studies  would  be 
worth  while  on  selected  species  of  low  natural 
durability. 

Air.  Bebr:  Are  data  available  on  the  supply, 
location,  and  availability  of  these  species? 

Dr.  Wangaard:  Most  of  the  information 
available  on  supply  of  these  tropical  .timbers  is 
rather  general  in  nature.  We  believe  that  all 
of  the  woods  that  have  been  studied  so  far  are 
available  in  quantities  sufficient  to  meet  any 
demand  that  may  arise  in  the  near  future.  It 
is  our  hope  that  sufficient  interest  will  be 
aroused  on  the  part  of  potential  consumers  and 
suppliers  of  certain  of  these  timbers  to  result 
in  field  surveys  and  economic  studies  that  will 
assist  in  making  their  commercial  utilization  in 
the  United  States  a  reality. 
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Effect  of  Plywood  Glue  Lines  on  the  Accuracy  of 
Moisture-Meter  Indications 

Earl  R.  Bell 

Physicist 

and 

Norman  T.  Krueger 
Physical  Science  AitP 

Forest  Products  Laboratory*  Forest  Service,  U.  S.  Department  of  Agriculture 

The  moisture  content  of  plywood  as  determined  with  moisture  meters  was  significantly  higher  for  nine  of 
the  10  glues  used_  in  the  pl^ood  when  compared  to  oven-dry  controls.  Moisture-meter  errors  depend  on  the 
number  of  glue  lines  and  tne  type  of  glue  UMd  in  the  plywood  and  the  particular  moisture  meter  involved. 
Errors  are  probably  caused  by  electrolytes  in  the  glue  that  become  conduaots  when  in  conua  with  moisture 
in  the  wood. 


Introduction 

ANY  kinds  of  glue  and  many  species 
of  wood  are  used  in  the  manufacture  of 
plywood.  Plywood  is  used  for  purposes 
that  impose  upon  it  a  great  variety  of  exposures 
to  temperature  and  humidity.  It  is  often  de¬ 
sirable  to  know  the  moisture  content  of  ply¬ 
wood  prior  to  fabrication.  Moisture  meters  are 
convenient  for  determining  moisture  content 
of  solid  wood,  but  in  plywood  the  glue  lines 
may  contain  salts  or  other  electrolytes  that 
would  be  relatively  good  conductors  when 
moist. 

The  purpose  of  this  study  was  to  determine 
the  errors  of  moisture-meter  indications  when 
used  on  plywood. 

Material 

The  material  used  in  the  controls  and  ply¬ 
wood  is  sumnlariaed  in  the  following  tabula¬ 
tion. 

Species — Douglas-fir 

Yellow  birch 

Number  of  plies — 2,  3,  and  5 
Thickness  of  veneer — 1/16  ‘  inch 

Glues — ^None  in  controls 
and  10  in  plywood 
(Table  1) 

^The  authors  take  pleasure  in  acknowledging  the 
assistance  of  M.  £.  Dunlap  in  planning  and  giving 
valuable  advice  during  the  progress  of  the  work,  of 
E.  C.  Peck  in  the  analysis  of  the  data,  and  of  R.  F. 
Blomquist  in  selecting,  formulating,  and  supplying 
information  on  the  glues. 

*  Maintained  at  Madison,  Wis.,  in  cooperation  with 
the  University  of  Wisconsin. 


The  glues  and  gluing  data  are  shown  in 
table  1.  There  were  four  hot-press  phenols, 
two  intermediate-temperature  phenols,  one 
melamine,  one  resorcinol,  one  room-tempera¬ 
ture-setting  urea,  and  one  casein. 

All  samples  were  prepared  in  12-  by  12-inch 
panels.  Glues  were  mixed,  applied,  and  cured 
in  accordaiKe  with  the  manufacturers’  recom¬ 
mendations.  Five  panels  of  two,  three,  and  five 
plies  were  made  with  each  glue  and  conditioned 
for  at  least  one  week  at  80®  F.  After  condi¬ 
tioning,  each  panel  was  trimmed  to  10  inches 
square  and  cut  into  four  3-inch  squares.  One 
3 -inch  square  from  each  panel  was  placed  in 
each  of  four  conditioning  rooms.  Thus  the  four 
conditioning  rooms  contained  matched  sets  of 
samples. 

Tlie  rooms  were  maintained  at  80®  F.  and 
30,  63,  80,  and  90  percent  relative  humidity. 
The  equilibrium  moisture  content  values  for 
wood  in  these  rooms  are  approximately  6^, 
12,  13,  and  19  percent,  respectively.  Periodic 
weighings  showed  that  all  samples  had  reached 
equilibrium  at  least  6  months  before  their  mois¬ 
ture  content  was  measured. 

Apparatus 

Apparatus  for  weighing  and  measuring  the 
moisture  content  of  the  samples  is  shown  in 
Figs.  1  and  2. 

One  radio-frequency  power-loss  and  four  re¬ 
sistance  types  of  meters  were  used. 

Both  needle  electrodes  and  surface  contacts 
were  used  with  the  resistance  meters.  It  was 
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Table  1. — Gluing  Data  and  Film  pH 

Glue  PreMinc 

and  - 

•ymbol  Durat4on  by 

used  Spread  Tem-  number  of  plies 

on  -  Pres-  pera-  -  Film 

fi^pus  Glue  type  Plies  Douglas-fir  Yellow  birch  Species  sure  ture  2  8  5  pH 

lb./1000  sq.  lb./1000  so. 


ft.  of  tingle 

glue  line 

■A  O 

Hot-preaa  phenol _ _ _ 

2 

59.8 

8 

52.6 

6 

55.1 

B  • 

Hot-preas  phenol _ 

2 

8 

5 

C  A 

Hot-preas  phenol _ ' 

2 

1  sheet/line 

8 

1  sheet /line 

5 

1  sheet /line 

D  A 

Hot-preaa  phenol _ 

2 

87.0 

8 

84.5 

6 

85.6 

E  V 

Intermediate-temperature  phenol 

2 

29.5 

8 

80.6 

5 

29.6 

F  T 

Intermediate-temperature  phenol 

2 

81.2 

8 

88.0 

6 

88.0 

G  □ 

Hot-preaa  melamine _ 

2 

88.4 

8 

88.21 

5 

82.8 

H  ■ 

2 

38.0 

8 

28.8 

5 

80.1 

I  0 

Room-temperature  urea _ 

2 

56.8 

8 

54.8 

6 

55.4 

J  ♦ 

Caaein... _ 

2 

77.0 

8 

77.0 

6 

77.0 

■This  flue  was  specially  formulated  to  have  a  high  pH. 

*YeUow  birch. 

sDouglas-fir. 


demonstrated  by  experiment  that  the  electrodes 
of  the  four  resistance  meters  could  be  inter¬ 
changed  with  an  error  of  less  than  0.5  percent 
in  moisture  content.  The  contactor  selected  had 
two  needles  9/16  inch  apart  on  each  retaining 
bar,  and  the  pairs  were  spaced  to  enter  the 
wood  1-3/16  inches  apart.  A  small  clamp  was 
prepared  to  hold  the  samples  while  the  needles 
were  being  driven.  An  opening  in  the  base  of 
the  clamp  permitted  the  needles  to  pass  com¬ 
pletely  through  the  two-  and  three-ply  material 
without  touching  the  clamp.  Leads  from  the 
contactor  were  arranged  for  quickly  connecting 
and  disconnecting  the  resistance  meters. 

The  1  ^-inch-diameter  aluminum-foil  surface 
contacts  were  mounted  on  rubber  plugs  sup¬ 
ported  on .  a  type  of  C-clamp.  Samples  were 
clamped  between  them  as  shown  in  Fig.  2. 

Electrodes  for  the  radio- frequency  power- 
loss  meter  were  an  integral  part  of  the  instru¬ 


ft.  of  tingle 

glue  line  P.t.i.  ”F.  Min.  Min.  Min. 


44.0 

2B 

250 

285 

6 

8 

12 

11.5 

44.0 

. 

44.0 

3F 

175 

285 

6 

8 

12 

.... 

B 

250 

280 

4 

6 

10 

11.2 

.... 

F 

175 

280 

4 

6 

10 

1  sheet /line 

1  sheet/line 

B 

250 

285 

4 

6 

10 

9.5 

1  sheet /line 

F 

175 

285 

4 

6 

10 

85.6 

B 

175 

280 

5 

7 

9 

9.1 

88.7 

82.8 

F 

175 

280 

5 

7 

9 

81.2 

B 

250 

260 

6 

8 

10 

8.4 

85.0 

83.7 

F 

175 

260 

6 

8 

10 

29.5 

B 

250 

240 

6 

8 

10 

2.2 

28.6 

28.6 

F 

175 

240 

6 

8 

10 

81.9 

B 

250 

280 

5 

7 

9 

6.6 

80.1 

82.2 

F 

175 

280 

5 

7 

9 

27.7 

B 

250 

260 

6 

8 

10 

7.2 

28.6 

• 

88.4 

F 

175 

260 

6 

8 

10 

59.8 

B 

250 

75 

18  hours 

3.6 

52.6 

55.1 

F 

175 

75 

77.0 

B 

250 

75 

18  hours 

11.1 

77.0 

77.0 

F 

175 

75 

ment  and  consisted  of  concentric  metal  rings 
that  acted  as  surface  contactors.  Samples  were 
placed  on  a  glass  plate  for  moisture-content 
determinations  with  this  meter. 

A  triple-beam  balance  was  used  to  weigh  the 
samples. 

Procedure 

General 

Moisture-content  measurements  of  material 
in  the  30-  and  65 -percent- relative-humidity 
rooms  were  made  with  the  meters  located  in 
these  same  rooms.  Samples  conditioned  in  the 
80-  and  90-percent-relative-humidity  rooms 
were  measured  in  the  30-percent  room.  This 
procedure  was  followed  to  prevent  errors  that 
would  result  from  surface-moisture  films  that 
form  on  objects  at  high  relative  humidities. 
Such  films  at  certain  locations  on  a  moisture 
meter  could  cause  excessively  high  indications 
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Fig.  2. — Apparatus  for  weighing  and  measuring  moisture  content  of  samples.  Sample  is  clamped 

between  surface  contacts. 


of  moisture  content.  Five  samples  of  one  spe-  as  possible  with  the  several  meters  and  elec- 
cies  having  the  same  number  of  plies  and  the  trodes. 

same  glue  were  wrapped  in  aluminum  foil  and  After  the  moisture  content  of  all  samples 
taken  to  the  30-percent  room.  When  a  sample  had  been  determined  with  moisture  meters,  it 
was  removed  from  the  package,  it  was  weighed  was  determined  again  by  the  oven-drying 
and  its  moisture  content  was  taken  as  quickly  method. 


87 


) 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Finally,  the  volume  of  each  sample  was  de¬ 
termined  by  a  water-displacement  method,  and 
the  density  of  the  oven-dry  samples  was  com¬ 
puted. 

Measuring 

Each  sample  was  weighed  to  the  nearest 
hundredth  of  a  gram.  It  was  placed  on  the  glass 
sheet,  and  its  moisture  content  was  determined 
with  the  radio-frequency  power-loss  meter.  It 
was  transferred  to  the  clamp  with  surface  con¬ 
tacts,  and  the  clamp  was  tightened  until  the 
indicated  moisture  content  was  independent  of 
pressure.  Leads  from  the  contactor  were  con¬ 
nected  successively  to  the  four  resistance  me¬ 
ters,  and  the  moisture-content  indication  of 
each  meter  was  recorded.  The  sample  was 
transferred  to  the  clamp  for  the  needlepoint 
electrodes,  and  the  moisture  content  was 
recorded  for  each  meter.  All  samples  were  re¬ 
placed  on  the  conditioning  rack  until  they  were 
oven-dried. 

Data  and  Discussion  for  Douglas-Fir 
Plywood 

With  a  few  exceptions,  the  values  of  mois¬ 
ture  content  obtained  for  any  number  of  plies 
and  any  glue  were  the  averages  of  five  values 
obtained  from  five  test  samples.  The  excep¬ 
tions  occurred  when  the  moisture  content  was 
beyond  the  range  of  one  or  more  of  the  mois¬ 
ture  meters.  Although  meters  Nos.  1,  2,  and  4 


covered  practically  the  same  range  of  moisture 
content,  meters  Nos.  1  and  2  would  not  indi¬ 
cate  values  of  moisture  content  that  were  just 
within  the  range  of  No.  4  and  within  the 
marked  range  of  Nos.  1  and  2.  Because  of 
this  situation,  which  is  not  understood,  and  be¬ 
cause  of  the  resulting  dearth  of  data,  meters 
Nos.  1  and  2  have  been  omitted  from  the 
discussion. 

G)ntrols  were  untreated  veneers  that  were 
clamped  together  at  the  time  when  their  mois¬ 
ture  content  was  measured  with  the  moisture 
meters.  Two  sheets  were  clamped  together  for 
each  two-ply  control,  three  sheets  for  each 
three-ply  control  and  five  sheets  for  each 
five-ply  control.  Each  sheet  of  veneer  was  used 
only  once  as  a  control.  The  veneers  were  1/16 
by  5  by  5  inches  and  had  received  the  same 
conditioning  as  the  plywood. 

The  curves  of  Figs.  3  to  17  show  the  differ¬ 
ences  between  meter  indications  and  moisture 
content  determined  by  oven-drying  for  two  re¬ 
sistance  types  (Nos.  3  and  4)  and  one  radio¬ 
frequency  power-loss  type  (No.  5)  of  moisture 
meter  for  all  glues  with  both  needle  and  sur¬ 
face  contacts.  Differences  between  meter  and 
oven-dry  values  are  plotted  vertically  against 
oven-dry  values  horizontally.  The  differences 
represent  the  errors  in  moisture  content  as  de¬ 
termined  by  the  meters. 

These  curves  show  that  moisture-meter  errors 
tend  to  become  greater  as  the  number  of  glue 
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Figs.  3,  4,  and  5. — Differences  between  moisture  content  of  plywood  determined  with  moisture  mrtet 
No.  3  and  by  oven-drying  for  10  glues  and  one  control  at  several  values  of  true  moisture  content  using 
needle  contacts. 
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Figs.  6,  7,  and  8. — Differences  between  moisture  content  of  plywood  determined  with  moisture  meter 
No.  4  and  by  oven-drying  for  10  glues  and  one  control  at  several  values  of  true  moisture  content  using 
needle  contacts. 
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Figs.  9,  10,  and  11. — Differences  between  moisture  content  of  plywood  determined  with  moistiue  meter 
No.  3  and  by  oven-drying  for  10  glues  and  one  control  at  several  values  of  true  moisture  content  using 
surface  contacts. 
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Figs.  12,  13,  14,  13,  16,  and  17. — ^Differences  between  moishue  content  of  plywood  determined  with 
moisture  meters  No.  4  (Figs.  12,  13,  14)  and  No.  3  (Figs.  13,  16,  17)  and  by  oven-drying  for  10  glues  and 
one  control  at  several  values  of  true  moisture  content  using  surface  contacts. 


LteCMO: 


7  / 

// 

/ 

1 

/  . 

- TO 

// 

// 

uJ 

i// 

U 

- 

Vir 

• 

-~o 

FOREST  PRODUCTS  RESEARCH  SOCIETY 


lines  increases.  There  is  only  a  trend  of  meters 
Nos.  4  and  5  in  this  direction,  but  meter  No.  3 
shows  a  very  pronounced  eflFect  for  most  of  the 
glues.  Furthermore,  within  the  same  range  of 
moisture-content  values  meter  No.  3  had  larger 
errors  than  No.  4,  and  there  seems  to  be  no 
direct  explanation  for  the  difference. 

The  radio-frequency  power-loss  meter  No.  5 
might  be  expected  to  differ  from  the  resist¬ 
ance  type  because  it  depends  on  the  high- 
frequency  dielectric  properties  of  the  wood  and 
not  on  the  direct-current  resistance  of  the  wood. 
However,  its  behavior  was  similar  to  that  of 
No.  4. 

The  range  of  errors  due  to  the  glue  lines 
was  quite  different  for  the  three  meters  re¬ 
ported.  Meter  No.  3  showed  errors  from  0.0 
percent  to  an  indeterminate  value  above  100 
percent  in  moisture  content  with  needle  con¬ 
tacts  and  up  to  74  percent  with  surface  con¬ 
tacts.  The  range  for  meter  No.  4  was  from 
0.0  percent  to  a  value  judged  by  the  behavior 
of  the  meter  to  be  far  beyond  its  upper  limit 
for  both  needle  and  surface  contacts.  The  low¬ 
est  error  for  meter  No.  5  was  0.3  percent,  and 
again  the  largest  error  was  too  large  to  be  de¬ 
termined.  The  very  large  errors  cited  are  prin¬ 
cipally  for  glue  A,  and  although  many  of  the 
errors  due  to  other  glues  were  large,  it  was 
usually  possible  to  get  a  moisture-content  meas¬ 
urement  within  the  limits  of  the  meters’  scales. 

The  dashed  line  on  Figs.  3  to  17  is  the  curve 
of  moisture-meter  error  when  used  on  the  un¬ 
glued  controls.  Although  this  error  is  surpris¬ 
ingly  large  in  some  cases,  the  presence  of  most 
glues  results  in  much  greater  errors  with  both 
needle  and  surface  electrodes.  The  large  posi¬ 
tive  errors  are  most  probably  due  to  electro¬ 
lytes  in  the  glues  that  diffuse  into  the  wood 
during  the  pressing  and  heating  operations 
and  during  subsequent  conditioning.  The  elec¬ 
trolytes  become  conductors  in  the  presence  of 
moisture,  and  their  conductance  increases  with 
the  moisture  content  of  the  wood  within  the 
range  of  these  experiments,  probably  much 
more  rapidly  than  does  the  conductance  of  nor¬ 
mal  wood.  This  is  shown  by  the  high  values 
of  moisture  content  of  the  plywoods  as  com¬ 
pared  with  the  unglued  veneers  in  the  controls. 
The  reasons  why  moisture-meter  values  some¬ 
times  were  lower  than  oven-dry  values  and  why 


the  curves  of  glue  G  drop  with  increasing  mois¬ 
ture  content  are  not  understood. 

It  is  apparent  from  the  curves  that  very  lit¬ 
tle  confiderKe  should  be  placed  in  the  accuracy 
of  the  moisture  content  of  plywood  when  meas¬ 
ured  with  a  moisture  meter.  The  magnitude  of 
errors  involved  will  depend  upon  the  number 
of  glue  lines,  both  the  type  and  particular  batch 
of  glue,  and  the  actual  moisture  content  of  the 
plywood.  Probable  variations  in  the  composi¬ 
tion  of  different  batches  of  any  single  glue 
may  be  large  enough  to  displace  the  corre¬ 
sponding  error  curve  in  any  of  Figs.  3  to  17  a 
significant  amount.  Furthermore,  it  is  probable 
that  the  user  of  a  moisture  meter  would  not 
have  accurate  knowledge  of  the  glue  used  in 
the  plywood  on  which  he  might  wish  to  use 
the  meter.  With  this  array  of  variables  to  cause 
errors  in  moisture-meter  indications  of  mois¬ 
ture  content  of  plywood,  it  would  be  hazardous 
to  place  much  confidence  in  such  measurements. 

Moisture  meters  can  be  used  on  plywood  to 
show  moisture-content  differences  between  vari¬ 
ous  points  on  a  single  sheet  of  plywood  or  be¬ 
tween  different  sheets  made  under  the  same 
conditions  with  one  batch  of  glue,  provided 
the  glue  is  kept  well  mixed.  Such  values  would 
be  only  relative  with  respect  to  each  other,  but 
generally  would  not  be  correct  in  magnitude. 

The  dielectric  properties  of  plywood  are  in¬ 
fluenced  by  the  same  factors  that  determine  the 
direct-current  electrical  resistance  of  plywood, 
but  it  would  not  be  expected  that  the  depend¬ 
ence  would  be  the  same  for  the  two  cases.  It  is 
interesting  to  note,  however,  that  glues  that 
caused  large  errors  with  resistance-type  meters 
generally  caused  large  errors  with  the  radio¬ 
frequency  power-loss  meters. 

Errors  in  moisture-meter  determinatiwis  of 
the  moisture  content  of  yellow  birch  plywood, 
not  discussed  in  this  paper,  were  generally 
greater  than  errors  found  in  measurements 
made  on  Douglas-fir  pl)rwood. 

Conclusion 

It  is  generally  to  be  expected  that  the  mois¬ 
ture  content  of  plywood  determined  with  mois¬ 
ture  meters  will  be  unreliable  and  probdsly 
too  high.  The  magnitude  of  the  error  will  de¬ 
pend  upon  the  particular  glue  used  in  the 
plywood  and  its  moisture  content.  The  error 
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will  depend  not  only  on  the  type  of  meter — 
resistance  or  radio-frequency  power-loss — but 
also  appears  to  be  different  for  resistance  me¬ 
ters  made  by  different  manufacturers.  Errors 
that  increase  with  the  moisture  content  of  the 
wood  are  probably  caused  by  the  electrolytes 
introduced  by  the  glue  that  become  conductors 
when  in  contact  with  moisture  in  the  wood. 

Plywood  manufacturers  may  be  able  to  cali¬ 
brate  moisture  meters  for  use  in  their  own 
plants  by  comparing  moisture  meter  values  with 
oven-dry  values  for  the  various  combinations  of 
glue  and  species  of  veneer  used  in  the  ply¬ 
wood.  Meters  may  even  have  sufficient  accu¬ 
racy  without  corrections  for  certain  glue  and 
species  combinations  unless  very  accurate  values 
are  required.  A  fabricator  using  plywood,  how¬ 
ever,  may  not  know,  indeed  probably  would 
not  often  know,  the  glue  composition  used  in 
his  plywood,  and  therefore  would  have  no  basis 
for  applying  any  particular  correction  to  his 
moisture  meter  indications.  Such  an  operator 
should  not  rely  on  a  moisture  meter  to  yield 
the  correct  moisture  content  of  his  plywood. 
The  distribution  of  moisture  in  a  sheet  of  ply¬ 
wood  can  be  ascertained  with  a  moisture  meter, 
and  relative  values  of  moisture  content  of  ply¬ 
wood  sheets  that  were  made  at  one  time  with 
the  same  glue  can  be  determined  with  a  mois¬ 
ture  meter,  but  such  values  may  not  be  very 
close  to  the  actual  moisture  content  of  any 
sheet. 

Discussion 

Harry  Hull  St.  Cl<m  (Hart  Moisture  Gauges, 
Inc.) :  Manufacturers  of  moisture  meters  evi¬ 
dently  were  not  consulted  or  asked  for  helpful 
suggestions  before  the  tests  were  made.  As  it 
was,  the  contacting  methods  used  doomed  the 
tests  to  failure. 

In  the  first  place,  many  adhesives  are  pur¬ 
posely  made  more  electrically  conductive  than 
wood,  for  bonding  with  high-frequency  cur¬ 
rents,  and  so  there  was  no  reason  to  believe 
that  bare  electrodes  could  be  used  to  pierce 
both  the  wood  and  the  highly  conductive  glue 
lines  without  the  latter,  enormously  increasing 
the  meter  reading.  Plywood  can  be  tested  to 
the  core  with  electrodes  so  insulated  that  the 
intervening  adhesive  films  do  not  appreciably 
increase  the  meter  reading.  This  reading  can 
in  turn  be  compared  with  surface  readings  of 


each  face  of  the  plywood  made  with  a  proper 
type  of  surface  contactor.  I  will  admit  that 
when  no  layer  is  thicker  than  1/16-inch,  as  in 
the  samples  used,  it  would  be  very  difficult  and 
expensive  to  devise  suitable  pointed  electrodes 
insulated  in  such  manner  as  to  insure  uniform¬ 
ity  of  contact,  but  this  would  not  be  as  difficult 
to  do  in  the  case  of  plywood  which  has  at 
least  one  layer  thicker  than  1/16- inch. 

The  needlepoint  contactor  used  with  meters 
Nos.  3  and  4  was  never  designed  for  testing 
total  thicknesses  as  small  as  2/l6  to  5/l6-inch; 
and  even  if  used  on  unglued  wood  of  such 
thicknesses,  considerable  correction  would  have 
to  be  made  for  the  reduction  of  electrical  field 
and  contact. 

In  the  next  place,  there  was  error  in  assum¬ 
ing  that  the  same  needlepoint  contactor  could 
be  used  with  both  meters  Nos.  3  and  4  with¬ 
out  corrections  for  differences.  The  contactors 
of  the  two  meters  are  not  the  same.  One  of 
them  will  pass  about  2.8  times  as  much  current 
as  the  other  contactor,  when  used  to  test  un¬ 
glued  wood  of  not  less  than  %-inch  thickness, 
and  so,  when  used  with  the  same  meter,  it  will 
indicate  about  7.65  as  compared  with  7  percent, 
24  as  compared  with  20.73  percent,  and  there 
will  be  very  much  greater  differences  at  higher 
moisture  levels.  When  used  to  test  unglued 
wood  of  only  2/l6-inch  thickness,  it  will  pass 
about  6.4  times  as  much  as  the  reduced  current 
passed  by  the  other  contactor  when  applied  to 
the  same  thickness,  with  consequently  much 
greater  differences  in  moisture  indication.  As 
a  matter  of  fact,  the  calibrations  of  the  two 
meters  are  not  the  same  throughout  their  re¬ 
spective  ranges. 

Furthermore,  the  surface-contact  tests  were 
improperly  made  by  tightening  the  clamp  until 
the  indicated  nqoisture  was  apparently  inde¬ 
pendent  of  pressure.  This  involves  a  personal 
factor,  lack  of  uniformity  and  considerable 
chance  of  error,  particularly  as  the  wood  be¬ 
comes  more  compressible  with  higher  moisture. 
Whatever  form  of  surface  contact  is  used,  there 
must  be  uniform  contact  and  pressure. 

I  believe  that  faulty  contacting  was  only 
partially  responsible  for  the  results.  Something 
must  have  interfered  with  proper  operation  of 
meter  No.  3  and  possibly  of  No.  4,  as  seems 
to  be  obvious  from  Figures  12-17,  containing 
only  curves  of  surface  tests.  In  each  case  the 
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sample  was  presumably  under  the  same  pres¬ 
sure  when  cwinected  to  each  meter.  Differences 
between  calibrations  of  the  two  meters  cannot 
possibly  account  for  the  wide  variations  be¬ 
tween  their  responses.  Perhaps  the  multiplicity 
of  connections  and  wires  may  have  been  a  con¬ 
tributing  cause.  Indeed  it  would  appear  to  me 
from  the  photographs  of  the  apparatus  that  the 
two  meters  were  probably  in  some  way  inter¬ 
connected  and  affecting  each  other.  At  any 
rate,  these  differences  definitely  point  to  serious 
interference  with  the  operation  of  the  meters 
even  when  the  piercing  of  glue  lines  was  not 
involved;  and  it  would  seem  that  the  infer¬ 
ences  from  Figures  12-17  are  sufficient  war¬ 
rant  for  belief  that  the  results  of  needlepoint 
tests  were  vitiated  by  the  same  causes.  Under 
the  circumstances  I  do  not  believe  that  the  fig¬ 
ures  report  anything  like  the  results  which 
would  have  been  obtained  if  errors  of  method 
and  faults  in  use  and  connections  had  been 
carefully  investigated  and  corrected. 

Mr.  Bell:  Since  electrical  moisture  meters 
as  supplied  by  the  makers  are  used  to  measure 
the  moisture  content  of  plywood,  the  tests  were 
conducted  in  practically  the  same  manner  as 
measurements  would  be  made  in  woodworking 
establishments.  This  meant  using  normal  nee¬ 
dlepoint  electrodes  that  would  yield  data  com¬ 
parable  with  what  would  be  obtained  by  most 
meter  operators.  The  use  of  special  contacting 
methods  would  have  defeated  the  purpose  of 
the  texts. 

The  glues,  except  A,  were  typical  of  types 
found  in  plywood  made  by  hot  and  cold  press 
methods  and  were  not  formulated  to  have  high 
electrical  conductivities  for  setting  with  dielec¬ 
tric  heating. 

As  noted  in  the  comments,  insulated  elec¬ 
trodes  could  be  used  on  plywood  with  lamina¬ 
tions  sufficiently  thick  that  the  field  between 
electrodes  would  not  be  affected  appreciably  by 
the  nearest  glue  line  but  would  not  help  with 
l/l6-inch  laminations.  Five-sixteenths-inch  nee¬ 
dles  are  not  intended  for  use  on  material  less 
than  5/16  inch,  but  they  were  used  on  thinner 
material  to  find  the  errors  resulting  from  such 
use  when  no  correction  was  made  for  thickness. 

The  needlepoint  contactor  was  nearly  the 
same  as  that  supplied  for  one  of  the  meters 
Nos.  3  and  4.  The  differences  between  the 
moisture  content  values  determined  by  meters 


Nos.  3  and  4  using  the  selected  contactor  were 
0.2  percent  at  both  7  and  11.5  percent  moisture 
content.  Higher  and  lower  values  were  not 
checked,  but  greater  differences  might  be  ex¬ 
pected  particularly  at  high  values  of  moisture 
content. 

Results  with  surface  contactors  are  compar¬ 
able  on  the  basis  of  the  largest  pressure  ap¬ 
plied  because  the  independence  of  moistun 
content  and  pressure  should  have  permitted  al! 
pressures  to  have  been  increased  to  the  largest 
value  with  no  change  of  indic?.ted  moistun 
content. 

No  satisfactory  explanation  for  the  differ 
ence  in  behavior  of  meters  Nos.  3  and  4  a> 
shown  by  the  curves  of  figures  12-17  has  beei. 
developed.  All  corresponding  points  were  de 
termined  with  no  change  in  physical  or  elec 
trical  conditions  of  the  sample.  Each  sample 
when  under  pressure  between  the  electrode^ 
was  not  disturbed  until  its  moisture  content  hat; 
been  measured  with  all  meters.  Many  of  the 
points  in  the  high  moisture  content  regior. 
were  checked  several  times  to  establish  the 
values  definitely.  A  sihgle  lead  from  the  con¬ 
tactors  that  was  connected  directly  to  only  one- 
isolated  meter  at  one  time  precluded  the  pos¬ 
sibility  of  interaction  between  meters. 

The  curves  in  this  report  cannot  be  used  as 
a  basis  for  comparing  the  merits  of  the  several 
meters;  they  can  be  interpreted  only  as  a  warn¬ 
ing  to  those  who  use  moisture  meters  on  ply¬ 
wood  that  moisture  meter  indications  of  very 
high  moisture  content  may  be  quite  inaccurate, 
and  that  most  values  will  be  high  by  an  amount 
that  depends  on  the  glue,  the  species  of  wood 
used,  and  the  actual  moisture  content  of  the 
plywood. 

]ohn  D.  Ritchie  (Douglas  Fir  Plywood  As¬ 
sociation)  :  It  would  seem  from  the  charts  that 
the  variables  developed  in  readings  on  sets  of 
unglued  veneers  were  wide  enough  to  throv 
doubt  on  the  value  of  moisture  meters  pro¬ 
duced  to  date  aside  from  the  effect  of  glue 
lines. 

Meters  are  used  in  the  Douglas  fir  plywood 
industry  on  veneers  primarily.  We  have  found 
that  readings  are  ordy  a  general  indication. 

Moisture  meters  are  desirable  because  the;, 
are  easy  to  use  and  readings  may  be  obtained, 
at  once.  Aside  from  this,  the  oven-dry  methoo 
is  satisfactory. 
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Would  it  be  possible  to  work  out  a  heating 
init,  possibly  high  frequency,  to  boil  moisture 
'>ut  rapidly  so  that  an  on-the-spot  record  might 
)e  obtained?  1  realize  that,  according  to  the 
oven-dry  method,  moisture  is  taken  out  at 
212®  F.  in  order  that  only  water  be  removed. 

My  question  is;  would  it  be  possible  to  cali¬ 
brate  a  high-frequency  heating  imit  to  take 
care  of  the  natural  rosins  which  might  be  taken 
out  and  wind  up  with  a  more  accurate  measure 
than  present  meters,  along  with  speed  of 
operation  ? 

Mr.  Bell:  A  high-frequency  dielectric  heat¬ 
ing  unit  designed  to  heat  wood  samples  of  a 
certain  size  and  remove  the  moisture  for  mois¬ 
ture  content  determinations  appeared  on  the 
American  market  somewhat  over  two  years  ago. 
The  heating  time  advertised  was  about  3.5 
minutes.  No  calibration  was  provided  to  cor¬ 
rect  for  extractives  other  than  water,  and  such 
a  calibration  for  the  type  of  apparatus  cited 
would  be  difficult  if  not  impossible  to  make. 

Alan  A.  Marra  (Webster,  New  York)  :  You 
mentioned  the  possibility  that  a  particular  meter 
might  be  calibrated  to  give  comparable  data 
with  a  certain  glue  formulation.  Would  not 
the  readings  be  affected  by  the  amount  of  glue 
spread  as  well  as  by  the  type  of  glue  used? 

Mr.  Bell:  The  relation  between  thickness  of 
glue  line  and  effect  on  moisture  meter  indica¬ 
tion  cannot  be  determined  from  our  measure¬ 
ments.  However,  a  thick  glue  line  would  be 
expected  to  act  as  a  conductor  of  large  cross 
section  as  compared  with  a  thin  glue  line  and 
consequently  have  a  greater  effect  on  a  meter 
indication.  Portions  of  the  glue  that  would 
diffuse  into  the  wood  during  a  gluing  operation 
would  also  affect  a  moisture  meter  indication, 
and  therefore  there  probably  is  no  simple  rela¬ 
tion  between  thickness  of  glue  line  and  accu¬ 


racy  of  meter  indication.  The  glue  lines  in 
commercial  plywood  probably  would  be  suffi¬ 
ciently  uniform  that  the  variations  would  not 
be  important.  However,  this  point  should  be 
verified  experimentally  if  a  moisture  meter  is 
to  be  used  on  plywood.  If  a  moisture  meter  is 
calibrated  for  use  on  plyw<x)d  made  with  a  par¬ 
ticular  glue  and  species,  the  calibration  should 
be  checked  frequently  against  values  obtained 
by  oven  drying  to  detect  any  effects  of  imno- 
ticed  variations  in  material  or  procedure. 

E.  George  Stern  (Virginia  Polytechnic  In¬ 
stitute)  :  Can  you  give  comparative  data  on  the 
accuracy  of  the  instruments  for  solid  wood? 

Mr.  Bell:  The  accuracy  of  most  moisture 
meters  when  used  on  solid  wood  %  inch  or 
more  in  thickness  is  about  the  same.  When  a 
moisture  meter  is  used  with  a  knowledge  of  its 
limitations  as  well  as  its  capabilities  the  accu¬ 
racy  of  moisture  content  determinations  should 
be  within  1  percent  of  moisture  content. 

In  Figures  3  to  8  the  curves  for  the  controls 
shows  that  when  needle  contactors  are  used  on 
thin  material  the  indicated  moisture  content 
will  probably  be  below  the  oven  dry  value. 

B.  C.  Cbristeson  (Anderson  Coach  Com¬ 
pany)  :  How  would  you  advise  measuring 
moisturq  content  of  plywood  and  what  could 
be  used  as  a  standard? 

Mr.  Bell:  The  standard  oven-drying  proce¬ 
dure  is  probably  the  best  method  for  determin¬ 
ing  the  moisture  content  of  plywood,  although 
it  is  not  fast.  The  distillation  method  has 
about  the  same  accuracy  and  requires  less  time, 
but  the  apparatus  probably  would  not  be  found 
in  many  plants  making  or  using  plywood. 
Moisture  meters  can  be  used  on  plywood,  but 
the  conditions!  noted  in  paragraph  2  of  "Con-, 
elusions”  and  in  the  reply  to  Mr.  Marra’s  ques¬ 
tion  should  be  observed. 
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The  Utility  of  No.  3  Common  Northern  Hardwood 
Lumber  for  Mechanized  Processing 
Into  Glued  Products 

Arlie  W.  Toole  and  Carl  W.  Danielson,  Jr. 

Forest  Products  Research  Division,  Michigan  College  of  Mining  and  Technology,  Houghton,  Michigan 

The  utility  of  low  mde  lumber  for  a  given  use  is  dependent  Upon  the  amount,  tiae,  and  diaraaer  of 
the  useable  portions,  and  upon  development  of  economic  mraoda  of  converting  this  material  into  ih«  desired 
products.  Mechanized  processing,  both  in  recovery  of  the  useable  material  and  product  fabrication  is  essential 
to  full  realization  from  the  grade  of  No.  3  Cornmoti  northern  hardwood  lumber.  Present  dav  mechanization 
totcether  with  modem  ghiing  techniques  offer  possibilities  for  development  of  superior  woon  products  from 
this  grade  of  lumber. 


Introduction 
Purpose  of  Study 

HE  lumber  industry  in  northern  Mich¬ 
igan  is  concerned  alx>ut  the  poor  market¬ 
ability  of  low  grade  lumber.  Although 
the  demand  for  low  grade  lumber  during 
World  War  11  often  exceeded  the  supply  due 
to  heavy  requirements  for  packaging  and  crat¬ 
ing  material,  it  is  apparent  that  this  was  an 
abnormal  situation.  The  present  status  in  whidi 
upper  grades  are  in  good  demand  and  lower 
grades  are  in  excess  of  demand  reflects  a  more 
normal  condition  of  the  lumber  market.  Recog¬ 
nizing  that  a  turn  towards  normality  would 
bring  with  it  certain  marketing  problems,  the 
Advisory  Committee  to  the  Forest  Products 
Research  Division  of  Michigan  College  of 
Mining  and  Technology  gave  high  priority  to 
this  research  project  on  utilization  of  low  grade 
northern  hardwood  lumber.  The  problem,  how¬ 
ever,  is  of  more  than  local  or  regional  interest 
and  the  results  obtained  to  date  in  this  study 
nuy  perhaps  offer  a  suggestion  for  further  in¬ 
vestigations  following  this  approach. 

Low  grade  hardwood  lumber  is  differenti¬ 
ated  from  upper  grade  lumber  chiefly  on  the 
basis  of  size,  ^aracter  (as  clear  or  sound) ,  and 
percentage  of  material  recoverable  from  the  in¬ 
dividual  board.  Except  where  either  the  heart- 
wood  or  sapwood  is  preferred  on  account  of 
some  peculiarity  such  as  color,  the  clear  por¬ 
tion  of  a  low  grade  board  is  technically  equiv¬ 
alent  in  properties  to  the  same  size  portion 
from  an  upper  grade  board.  Despite  this  tech¬ 
nical  equality,  the  lower  grades  of  hardwood 


lumber  have  found  wide-spread  use  only  in 
products  where  little  or  no  value  can  be  placed 
upon  the  quality  of  the  clear  portions  alone. 
TTie  generally  accepted  reason  for  this  situation 
is  attributed  to  the  low  recovery  in  clear  mate¬ 
rial  from  low  grade  lumber  and  consequent 
high  cost  which  precludes  its  use  in  the  aver¬ 
age  manufacturing  plant.  An  added. considera¬ 
tion  is  the  higher  cost  of  processing  small 
cuttings. 

That  this  condition  holds  for  conventional 
and  time-honored  methods  of  processing  there 
can  be  little  doubt.  Developments  in  mechan¬ 
ized'  processing  and  gluing  techniques  seem  to 
offer  new  possibilities  for  utilization  of  the 
smaller  high  grade  portions  of  low  grade 
lumber.  The  objective  of  this  research  project 
is  to  increase  the  utilization  value  of  low  grade 
northern  hardwood  lumber  to  the  producer  and 
consumer  by  development  and  application  of 
new  methods  of  converting  this  grade  of  lum¬ 
ber  into  marketable  products  at  or  near  the 
point  of  milling. 

In  this  project  the  problem  grades  and  spe¬ 
cies  were  studied  to  determine  new  possibilities 
of  use  in  the  full  board  and  as  cuttings.  The 
new  procedure  included  the  examination  in  de¬ 
tail  of  adequate  samples  of  No.  3A  and  3B 
Common  hardwood  lumber^  of  the  principal 
northern  species  according  to  defect  classes 
which  would  limit  it  for  specific  uses.  The  re¬ 
covery  in  useable  cuttings  of  several  uniforiTi 
sizes  was  measured.  Work  has  been  initiated 

*  Rules  for  the  Measurement  and  Inspection  of 
Hardwood  Lumber  by  National  Hardwood  Lumbe: 
Association. 
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on  development  of  economical  methods  of  re¬ 
moving  defects  and  reconstituting  the  useable 
portion  into  products. 

Economic  Aspect  of  Problem 

Profitable  utilization  of  low  grade  lumber  is 
a  problem  that  is  being  forced  upon  both  the 
producing  and  consuming  industry.  The  gen¬ 
eral  scope  and  complexity  of  this  problem  can 
best  be  illustrated  by  recalling  the  frequency 
and  intensity  with  which  it  is  discussed  in 
technical  and  trade  circles. 

Statements  that  the  proportion  of  low  grade 
lumber  to  total  production  is  increasing  are 
frequently  noted  in  the  lumber  trade  journals. 
That  this  trend  is  not  necessarily  of  recent 
origin  could  no  doubt  be  substantiated,  as  could 
also  the  fact  that  there  is  no  likelihood  of  a 
reversal  of  this  trend  in  the  near  future.  There 
are  several  economically  sound  reasons  why 
the  proportion  of  low  grade  lumber  is  increas¬ 
ing:  (1)  an  increasing  percentage  of  the 
higher  grade  logs  now  go  into  veneer,  (2) 
closer  utilization  of  the  stand  is  being  effected, 
including  top  and  defective  logs,  (3)  in  some 
instances  poorer  timber  stands  are  being 
logged,  (4)  more  second  growth  timber  is  be¬ 
ing  cut,  and  (3)  utilization  of  many  previously 
rejected  species  has  brought  to  market  lumber 
of  lower  grade  due  to  small  size  or  physical 
characteristics  of  the  species.  In  northern  hard¬ 
woods  such  as  those  typified  by  operations  in 
the  Upper  Peninsula  of  Michigan,  the  grades 
of  No.  3A  and  3B  Common  may  now  consti¬ 
tute  from  30  to  50  percent  of  an  average  mill’s 
production  (Table  1).  For  the  year  1946  this 
was  equivalent  to  approximately  100  million 
board  feet.  It  will  be  recognized  that  this 
volume  of  low  grade  might  well  constitute  a 
major  utilization  problem. 

Suggested  solutions  for  this  problem  have 
usually  involved  endeavors  to  expand  markets 
for  low  grade  uses  such  as  blocking  and  dun¬ 
nage,  mine  lumber  and  ties,  railroad  ties,  etc.. 


or  fabrication  of  products  where  low  grade 
lumber  is  acceptable  as  in  pallets,  crating,  coal 
and  grain  doors,  etc.  These  and  similar  uses 
have  traditionally  furnished  the  market  outlet 
for  low  grade  lumber  except  for  such  portions 
of  No.  3A  Common  that  have  always  gone 
into  flooring,  particularly  in  hard  maple.  In 
order  to  test  this  grade  of  lumber  for  all  pos¬ 
sible  uses,  a  classification  has  been  outlined 
into  which  each  low  grade  board  could  be  ten¬ 
tatively  placed  as  a  result  of  the  green  lumber 
inspection.  'The  following  is  a  description  of 
the  use  classes  into  which  boards  were  sepa¬ 
rated  based  on  defects  in  this  study: 

Use  Class  1  (Cutting  Class) 

This  classification  will  take  all  boards  hav¬ 
ing  defects  of  such  nature  that  they  must  be 
eliminated  before  the  acceptable  material  in 
the  board  can  be  used.  Characteristic  defects 
are  large  knots  or  holes,  splits,  shake,  rot, 
and  wane,  or  any  combination  of  these  de- 
'  fects  that  are  limiting. 

Use  Class  2  (Construction  Class) 

This  classification  is  designed  to  take 
boards  having  defects  of  such  nature  that  the 
piece  can  be  used  in  its  entirety  without  un¬ 
due  cutting  or  wastage.  Characteristic  defects 
are  tight  knots,  pin  and  shot  worm  holes, 
wane,  splits,  chedcs,  stain,  and  pith. 

Use  Class  3  (Finish  Class) 

This  classification  is  intended  to  take 
boards  having  numerous  small  sound  defects 
of  such  nature  that  value  may  be  added  to 
the  piece  by  reason  of  these  defects  for  such 
use  as  figured  panelling,  interior  trim,  or 
special  millwork.  'This  classification  is  char¬ 
acterized  by  small  tight  knots,  light  stain, 
burls,  pinworm  holes,  birdseye,  and  defects 
of  this  character. 

Most  traditional  uses  for  low  grade  northern 
hardwoods  are  those  which  are  shared  with 
woods  of  inferior  technical  qualities  of  the 


Table  1. — Grade  Recovery  for  Certain  Speoes  of  Northern  Hardwoods’ 

No.  1  Common  No.  2  No.  8 


Species  snc^lB^ter  Common  Common  Total 

Percent 

■  I 

Hard  maple.. _  89.6  24.6  86.9  100.0 

Yellow  birch .  f  44.9  24.7  80.4  100.0 

Softmaple .  84.2  81.8  84.6  *  100.0 

Beech .  17.6  81.8  61.2  100.0 


‘Basis  79,802  bd.  ft. 
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clear  wood.  The  defects  in  No.  3  G)inmon  Each  lumber  sample  was  collected  at  an 
hardwood  boards  place  all  species  in  the  same  operating  sawmill.  All  logs  sawed  during  the 

price  range  and  create  an  advantage  for  those  collection  of  the  sample  were  tallied  by  species, 

species  produced  nearest  the  market  or  in  areas  log  grade  (under  Northern  Hemlock  and 

of  lower  production  cost,  regardless  of  the  Hardwood  Association  grading  rules),  diame- 

utility  of  the  clear  wood.  ter,  length,  and  scale  for  possible  correlation 

The  ready  marketability  and  relatively  high  All  lumber  sawed  during 

price  of  the  better  grades  of  the  principal  spe-  ^  ^  period  was  graded  and  tallied  on  the 
cies  of  northern  hardwood  lumber  leaves  little  chain  by  a  qualified  inspector  according 

doubt  as  to  the  preferred  position  of  these  National  Hardwood  Lumber  Association 
woods  from  the  standpoint  of  the  technical  Usual  sawing  and  mill  practices  were  un¬ 
qualities  of  the  woods  themselves.  Opportunity  instructed  to 

for  the  enlargement  of  the  market  for  low  No.  3  Common 

grade  lumber  therefore,  seemed  to  lie  princi-  thickness.  All  4/4  No.  3  Common 

pally  in  those  uses  that  require  wood  of  the  marked  as  to  species  and  grade  by 

same  high  technical  quality  either  in  sizes  that  insp^tor.  Each  board  so  marked  was  then 
could  be  produced  economically  from  low  examined  and  recorded  as  to  species,  grade, 

grade  or  by  fabrication  of  the  required  sizes  by  ^‘‘^th,  length  use  class,  and  the  type  of  defect 
gluing.  The  new  look  at  the  problem,  as  de-  responsible  for  its  low  grade  xhar^er. 

tailed  in  this  study,  proposes  processing  of  low  A  total  of  2,740  boards,  or  16,260  bd.  ft.  of 
grade  lumber  to  secure  the  maximum  amount  No*  3  Common  lumber  were  thus  examined, 
of  high  grade  material  for  fabrication  of  high  A  net  sample  of  548  Iwards,  or  3,346  bd.  ft. 

grade  products  by  the  most  economical  chUmed  for  further  study  by  selecting 

methods  that  can  be  devised.  No.  3  Common  board  regardless  of 

species,  size,  grade,  or  any  pre-determined 
Method  characteristic,  and  numbered  consecutively.  The 

net  sample  volume  thus  obtained  was  20.6  per- 
Collection  of  Samples  cent  of  the  gross  volume  examined  with  the 

The  grades  of  lumber  studied  were  No.  3A  highest  volume  percentage  deviation  in  the 

and  3B  Common,  nominal  4/4  thickness.  The  principal  single  species  of  24.8  percent  for 

principal  species  examined  were  hard  maple,  yellow  birch  No.  3 A  Common  (Table  2). 

Acer  saccharum,  yellow  birch,  Betula  lutea,  soft  The  greatest  deviation  in  use  classes  from 
maple,  Acer  ruhrum,  and  beech,  Fagus  grandi-  the  theoretical  20  percent  net  sample  volume 
jolia.  Lumber  samples  were  collected  from  occurred  in  use  class  3  with  a  net  volume  of 

three  locations  situated  geographically  to  obtain  24.7  percent  of  the  gross.  This  use  class  rep- 

a  cross-section  of  the  general  areas  of  old  resented  only  5.0  percent,  however,  of  the  total 
growth  northern  hardwood  type.  net  sample  volume  (Table  3). 

Table  2. — Comparison  of  Volume  in  Gross  and  Net  Samples  by  Species  and  Lumber  Grade 


No.  SA  Common  No.  SB  Common  Total  net 

■  — -  .  ■  - , -  aa  a 

Groaa  Net  Net  aa  Groaa  Net  Net  aa  percent 

Speeiea  aample  aample  to  Rroaa  aample  aample  to  groaa  of  groaa 

Board  Feet  Percent  Board  Feet  Percent  Percent 

Hard  maple .  4174  857  20.6  4019  788  19.6  20.1 

YeUowbireh .  1080  265  24.8  966  195  20.4  22.6 

Soft  maple .  886  180  20.8  688  121  22.7  21.2 

Beech .  2988  667  '  19.0  1179  272  28.1  20.1 

Other .  146  47  82.4  861  69  19.7  28.4 

AUapeciea .  9222  1906  20.7  7088  1440  20.6  20.6 

Table  3. — Comparison  of  Volume  in  Gross  and  Net  Lumber  Samples  by  Use  Classes 

Net  aa 

Uae  Claaa  Groaa  aample  Net  aample  to  groaa 

Board  Feet  Percent  Board  Feet  Percent  Percent 

1  .  12,889  76.2  2404  71.8  19.4 

2  . -• .  8,198  19.7  776  28.2  24.8 

8 .  678  4.1  166  6.0  24.7 

Total .  16,260  100.0  8846  100.0 
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Table  4. — Comparison  of  Boards  in  Gross  and  Net  Samples  by  Defect  Classes 


Defect  clue  Gross  sample  Net  sample  to  gross 

Boards  Percent  Boards  Percent  Percent 

Latrs  knots... ^ .  822  80.0  166  30.8  20.2 

Medium  knots . . . ...  386  14.0  77  14.1  20.0 

SmaUknoto . .  ■  129  4.7  38  6.0  26.6 

Shake .  678  24.6  181  28.9  19.5 

Wane,  bark .  682  21.2  114  20.8  19.6 

Rot,  doze,  stain _ _ 149  6.6  27  4.9  18.1 

Total . i.  2740  100.0  648  100.0 


A  comparison  of  boards  by  defect  classes  in 
the  net  as  a  percent  of  the  gross  sample  shows 
good  correlation  except  in  the  case  of  small 
knots  which  was  represented  by  25.6  percent 
in  the  net  sample  (Table  4) . 

These  data  show  that  the  net  sample  of 
3,346  bd.  ft.  is  a  fair  representation  of  the 
gross  sample  of  16,260  bd.  ft.,  and  of  the  4/4 
No.  3  Gimmon  lumber  produced  during  col¬ 
lection  of  the  sample. 

An  analysis  was  made  of  the  grade  tally  of 
all  lumber  sawed  during  collection  of  the 
samples.  The  results  indicate  that  a  representa¬ 
tive  sample  based  on  the  percentage  of  occur¬ 
rence  of  species  by  volume  in  the  old  growth 
northern  hardwood  type  was  secured  as  shown 
by  the  comparison  in  Table  5.  It  was  con¬ 
cluded,  therefore,  that  the  total  net  sample  of 
548  boards  of  No.  3  Common  northern  hard¬ 
wood  lumber  is  representative  of  the  type  in 
which  it  occurs,  and  that  measurements  made 
from  such  a  sample  are  generally  applicable  to 
this  grade. 

Table  5. — Comparison  of  the  Composition  of 
THE  Old  Growth  Northern  Hardwood  Type* 
With  the  Lumber  Sawed  Duriitc  Collection 
of  the  Stitoy  Sample 


Old  growth  Lumber  sawed 

Species  '  type  during  test 

Percent  Percent 

Hard  maple _ . 61.8  60.6 

YeUowbfrch .  22.6  22.6 

Soft  maple _ 6.7  7.9 

Beech .  9.0  12.2 

Other* . 10.9  6.8 

Total . .  100.0  ^  '  100.0 


'Basswood,  Elm,  Oak,  and  Ash. 

Examination  and  Measurement  - 
The  lumber  samples  to  be  measured  were 
kiln  dried  as  lumber  green  from  the  saw  and 
surfaced  two  sides  for  convenience  of  working 
and  study,  with  grade  markings  and  numbers 

*  Revised  Forest  Statistics  for  the  Lake  States,  Sta¬ 
tion  Paper  No.  1  The  Forest  Survey,  Lake  States 
Forest  Experiment  Station.  1945. 


re-established  after  surfacing.  Each  board  was 
then  re-examined  as  to  lumber  grade,  width, 
length,  use  class,  and  type  of  defect  now 
judged  to  be  most  responsible  for  its  low  grade 
character.  The  effect  of  kiln  drying  was  par¬ 
ticularly  noted  in  the  assignment  of  use  and 
defect  classes.  Each  board  in  half  of  the  total 
net  sample  (274  boards)  was  examined  and 
measured  for  the  amount  of  useable  material 
in  clear  1  face  and  paint  grade  cuttings’  in 
each  of  the  following  fifteen  sizes: 

1  in.  by  1  in.  by  8  in. — 12  in. — 16  in. — 
20  in. — random  length, 

1  in.  by  2  in.  by  8  in. — 12  in. — 16  in. — 
20  in. — random  length, 

1  in.  by  3  in.  by  8  in.— 12  in. — 16  in. — 
20  in. — random  length. 

The  balance  of  the  total  net  sample  (274 
boards)  was  handled  on  the  same  basis  except 
that  each  board  was  measured  in  only  nine 
sizes,  the  12  and  20  inch  cutting  lengths  being 
eliminated.  Measurements  were  recorded  in 
units  (12  sq.  in.  or  1/12  bd.  ft.).  Measure¬ 
ment  was  made  by  means  of  a  transparent  grid 
on  which  the  size  of  cutting  was  blocked  out 
with  lines  representing  the  saw  kerf  required 
to  rip  and  cross-cut  a  given  size  cutting. 

Cutting  Test 

The  method  of  examination  and  measure¬ 
ment  used  in  this  study  has  th^  very  desirable 
feature  of  allowing  the  same  board  to  be 
measured  for  recoveries  in  the  several  sizes 
and  grades  of  cuttings  to  provide  direct  com¬ 
parison  of  results.  It  also  allows  real  economy 
in  the  amount  of  lumber  required  in  order  to 
secure  comparable  statistical  accuracy.  ‘In  the 
final  analysis,  however,  the  acid  test  of  recov¬ 
ery  percent  in  a  given  size  cutting  can  only  be 

*  Commercial  Standard  CS60-48  for'- Hardwood 
Dimension  Lumber  by  U.  S. '  Department  of  Com¬ 
merce,  National  Bureau  of  Standards. 
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made  on  the  basis  of  what  transpires  when  a 
board  is  actually  ripped  and  crosscut  and  tal¬ 
lied  in  a  specific  size  and  grade. 

An  actual  cutting  test  was  made  on  a  ran¬ 
dom  sample  drawn  from  one  unit  of  177  No. 
3  Common  boards.  Beech  was  the  only  major 
species  not  represented  in  the  random  sample. 
The  test  was  made  in  the  15  cutting  sizes  enu¬ 
merated  previously,  using  five  boards  in  each 
size  class.  The  recovered  material  was  classified 
as  clear,  clear  1  face,  and  paint  grade  cuttings. 
The  fall-down  was  computed  as  to  percent  use- 
able  without  differentiation  as  to  size  or  grade 
of  cutting.  The  minimum  size  tallied  was  a 
piece  1  by  1  by  8  inches. 

Results 

Defect  and  Use  Class  Examination 

A  comparison  was  made  to  show  the  type  of 
defect  most  responsible  for  the  grade  of  No. 
3A  and  No.  3B  Common  northern  hardwood 
boards;  also  the  effect  of  kiln  drying  and  sur¬ 
facing  on  the  assignment  of  these  same  defects 
(Table  6).  Knot  defects  are  the  principal 

Table  6. — Comparison  of  Effects  of  Kiln 
Drying  on  Assignment  of  Defects 
BY  Grades  of  Lumber 

No.  SA  No.  SB 

Common  Common 


Rough  K.  D.  Rough  K.  D. 
Defect  green  S2S  green  S2S 

Percent  Percent 


Liarge  knota‘ _ 

Memum  knots^ _ ^ 

...  84 

44 

26 

86 

...  19 

14 

7 

6 

Small  knots* _ 

7 

8 

8 

0 

^ita  and  shake _ 

Wane  or  bark _ 

...  16 

13 

86 

32 

...  22 

26 

20 

20 

Rot,  doze,  stain _ 

2 

1 

9 

6 

Total _ 

...  100 

100 

100 

100 

iRnots  lyi  in.  or  larger  in  diameter. 

^Knots  larger  than  ^  in.  but  less  than  in.  in  diameter. 

*Knots  lew  than  in.  in  diameter. 

assigned  reason  for  the  grade  of  the  board  in 
No.  3A  Common  in  both  the  green  and  kiln 
dried  condition  with  approximately  60  percent 
of  the  cases  falling  in  this  category.  Defects 
other  than  knots,  such  as  shake,  wane,  and  rot, 
are  the  principal  assigned  reason  in  No.  3B 
Common  in  both  green  and  kiln  dried  condi¬ 
tions.  With  the  exception  of  small  and  medium 
knots  these  are  types  of  defects  that  ordinarily 
have  to  be  eliminated  before  the  board  can  be 
used  for  high  grade  purposes.  Splits  and  shake 
which  might  be  expected  to  increase  in  kiln 
drying  were  actually  reduced,  by  three  percent 


in  each  grade  of  lumber.  Surfacing  after  kiln 
drying  does  aid  in  determining  the  most  prom¬ 
inent  defect  in  each  board. 

The  preceding  comparison  is  closely  related 
to  the  percentage  of  the  lumber  volume  that 
develops  by  use  classes  in  No.  3A  and  3B 
Common  as  the  result  of  kiln  drying  (Table 
7).  No  significant  change  occurs  in  use  classe.'^ 
between  green  and  kiln  dried  condition  in  No. 
3A  Common.  However,  there  is  a  decided 
change  in  the  No.  3B  Common  wherein  91  per¬ 
cent  of  the  total  volume  falls  into  use  class  1 
The  bulk  of  No.  3  Common  lumber,  regard¬ 
less  of  grade,  falls  into  use  class  1  Which  is  tht 
cutting  class.  The  relatively  small  proportioi 
of  the  total  volume  represented  in  use  classes  1 
and  3  makes  it  impractical  to  segregate  it  foi 
special  processing  and  uses.  It  is  evident  tha. 
all  of  the  lumber  must  be  cut  and  further 
processed  in  order  to  give  full  utility  for  high 
grade  products. 

Table  7. — Effect  of  Kiln  Drying  on  Use  Class 
Volume  in  Grades  No.  3A  and  No.  3B 
Common  Northern  Hardwood  Lumber 

No.  3A  No.  SB 

Common  Common 

Rough  K.  D.  Rough  K.  D. 


Use  class  green  S2S  green  S2S 

Percent  by  Volume 

1  .  78  73  71  91 

2  .  22  20  24  8 

.  6  7  6  1 

Total _ .  100  100  100  100 


Measured  Cutting  Recovery 

The  measured  recovery  from  No.  3  Com¬ 
mon  northern  hardwood  lumber  in  clear  one 
face  and  paint  grade  cuttings  for  the  nine  sizes 
examined  varied  from  a  low  of  31.6  percent  in 
the  1  by  3  by  16  inch  size  to  a  high  of  70.5 
percent  in  the  1  by  1  by  random  size  (Table  8) . 

Table  8. — Measured  Recovery  From  No.  3  Com¬ 
mon  Northern  Hardwood  (All  SPEaBs) 
Lumber  by  Grade  and  Size  of  Cutting 


Grade  of  cutting 

Total  clear 

-  one  face 

Size  of  Cutting 

Clear  one  face 

Paint 

and  paint 

Percent 

Percent 

1  by  1  by  random 

63.1 

7.4 

70.6 

1  by  1  by  8 _ 

61.2 

10.6 

61.8 

1  by  1  by  16 _ 

38.6 

13.6 

62.1 

1  by  2  by  random 

48.8 

9.6 

67.8 

1  by  2  by  8 . 

86.4 

12.6 

49.0 

1  by  2  by  16 . 

26.2 

14.7 

39.9 

1  by  8  by  random 

87.2 

9.7 

46.9 

1  by  8  by  8. . 

26.4 

12.5 

88.9 

1  by  3  by  16 . 

17.1 

14.6 

81.6 
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The  random  length  cutting  in  each  width  class 
shows  a  higher  percent  of  recoverable  material 
than  either  of  the  uniform  lengths.  The  effect 
of  length  in  the  uniform  sizes  is  indicated  by 
the  decrease  in  recovery  percent  with  increase 
in  length  of  cutting.  These  decreases  are  9-7 
percent  from  the  8  to  16  inch  length  in  the  1 
inch  width,  8.1  percent  in  the  2  inch  width, 
and  7.3  percent  in  the  3  inch  width. 


tween  points  whose  coordinates  satisfy  a  given 
equation,  and  frequently  for  interpolation  be¬ 
tween  observed  values.  An  analysis  of  the 
plotted  recovery  percentages  for  the  274  boards 
in  the  8,  12,  16,  and  20  inch  lengths  for  each 
width  class  gave  strong  indications  that  in  the 
uniform  cutting  sizes  within  this  range  the  per¬ 
centage  of  recoverable  material  is  a  function  of 
length  of  cutting  and  that  this  relationship  can 


Table  9. — Measured  Recovery  From  No.  3A.  and  3B  Common  Hard  Maple  Lumber  by 
Grade  and  Size  of  Cutting 


No.  3A  Common 


No.  3B  Common 


Total  clear 

Total  clear 

Clear  one 

one  face 

Clear  one 

one  (ace 

Cuttins  size 

face 

Paint 

Percent 

and  paint 

face 

Paint 

Percent 

and  paint 

1  by  1  by  random _ _ _ 

.  66.3 

8.4 

74.7 

64.1 

9.0 

63.1 

1  by  1  by  8 _ 

.  58.3 

12.7 

66.0 

39.3 

13.6 

52.9 

1  by  1  by  16 . 

.  41.2 

16.1 

67.3 

29.4 

16.3 

46.7 

1  by  2  by  random _ 

.  51.8 

10.2 

62.0 

88.3 

11.1 

49.4 

1  by  2  by  8 . 

.  38.1 

14.6 

62.7 

27.0 

14.8 

41.8 

1  by  2  by  16 . 

.  26.9 

17.9 

44.8 

17.3 

16.2 

33.6 

1  by  3  by  random _ 

.  40.6 

11.0 

51.6 

27.6 

11.7 

39.8 

1  by  8  by  8 . 

.  28.6 

16:3 

44.9 

17.6 

14.2 

31.8 

1  by  8  by  16 _ 

.  18.7 

18.1 

36.8 

9.2 

16.0 

24.2 

The  eflfect  of  species  and  grade  on  recovery 
percent  are  shown  in  Table  9  for  No.  3A  and 
3B  Gimmon  hard  maple  lumber.  The  mean  of 
recovery  percentage  for  any  cutting  size  in 
either  grade  has  an  accuracy  of  at  least  plus  or 
minus  4.4  percent.*  Hard  maple  is  the  only 
species  of  the  four  that  were  studied  that  is 
represented  by  a  sufikient  number  of  boards  in 
both  No.  3A  and  3B  G)mmon  to  provide  the 
statistical  accuracy  desired. 

Measurements  plotted  in  graphical  form  for 
convenience  of  reference  may  frequently  be  of 
use  to  determine  relationships,  if  any  exist,  be- 

*  Standard  deviation  of  the  mean  is  1.46  percent. 
In  99.7  cases  in  100  the  means  from  other  com¬ 
parable  data  will  fall  within  4.4  percent  of  this  mean. 


be  expressed  as  a  straight  line  corresponding 
to  the  equation: 


in  which 

L  =  Length  of  cutting 
R  =  Percent  of  recoverable  material 
a  and  b  =  Constants 

This  equation  permits  calculation  of  percentage 
recoveries  for  any  length  of  cutting  between  8 
and  20  inches  from  data  for  any  two  deter¬ 
mined  values.  These  data  for  8  and  16  inch 
lengths  are  set  forth  in  Tables  8  and  9. 
j  The  relationship  between  percentage  recov¬ 
ery  and  width  of  cutting  deviates  slightly  from 


Table  10. — Comparison  of  Recovery  From  Measurement*  and  Actual  Cutting  Test  by 

Size  and  Grade  of  Cutting 


1  in.  Width  2  in.  Width  3  in.  Width 


Lenfth  of  cutting 

Measured 

Cut-up 

Measured 

Cut-up 

Measured 

Cut-up 

In  Paint  Grade  and  Better  Cuttings 

Percent 

Percent 

Percent 

Random _ 

66 

64 

49 

60 

44 

46 

8  inch _ _ _ 

67 

67 

39 

40 

47 

66 

12  inch . 

69 

69 

46 

66 

27 

36 

16  inch . 

66 

67 

23 

43 

38 

42 

20  inch _ _ _ _ _ 

46 

63 

16 

81 

26 

39 

In  Clear  One  Face  and  Better  Cuttings 

Random-.--.......-.--............. _ 

54 

61 

40 

40 

38 

48 

8  inch _ _ _ 

48 

62 

36 

40 

36 

46 

12  inch _ 

41 

64 

26 

89 

16 

28 

16  inch. _ _ _ _ _ 

42 

60 

10 

22 

16 

26 

20  inch _ 

27 

41 

7 

16 

2 

11 

‘5  boards  in  each  cuttinf  size,  each  measured,  and  later  cut-up. 
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a  straight  line  in  each  length  class.  However, 
practical  estimates  of  recoveries  for  interme¬ 
diate  width  can  be  made  by  straight  line  inter¬ 
polation  between  1  and  2  inches,  and  2  and  3 
inches. 

Actual  Cutting  Test 

The  results  of  this  test  (Table  11)  were 
somewhat  erratic  due  to  the  statistical  inade¬ 
quacy  of  the  sample  of  individual  sizes.  Fur¬ 
ther  tests  of  this  nature  are  planned.  Some  in¬ 
dication  can  be  gained,  however,  of  certain 
trends  by  comparison  of  the  actual  cutting  re¬ 
covery  with  the  measured  recovery  from  the 
same  boards  in  the  same  size  cutting  (Table 
10).  The  recovery  percent  from  cutting  was 
equal  to  or  greater  than  the  measured  in  all 
cutting  sizes  except  in  the  1  by  1  by  random 
size  and  was  notably  increased  in  the  2  and  3 
inch  widths  in  12,  16,  and  20  inch  lengths. 

The  tendency  toward  improvement  in  both 
yield  and  grade  of  cutting  when  the  boards 
were  cut  up  can  be  accounted  for  by  the  fact 
that  the  measurements  were  made  from  the 
poor  face  of  the  board,  and  there  was  oppor¬ 
tunity  for  improvement  when  the  best  face  of 
the  actual  cutting  was  considered.  The  percent 
recovered  in  clear  cuttings  (Table  11)  consti¬ 
tutes  a  substantial  proportion  of  the  total  re¬ 
covery  of  clear  one  face  and  better  grade  cut¬ 
tings.  There  are  also  indications  from  this  test 
that  the  total  useable  material  of  paint  and 
better  grade  will  be  increased  substantially, 
especially  in  the  larger  cutting  sizes,  when  the 
fall-down  is  taken  into  consideration. 


'  Application 

Comparative  Utility  of  No.  3 
Common  Northern  Hardwood  Lumber 
The  utility  of  any  raw  material  may  be 
judged  on  the  basis  of  how  satisfactorily  it 
physically  serves  its  intended  purpose  and 
whether  the  cost  is  competitive  with  other  raw 
material  that  will  serve  the  purpose  equally 
well.  The  concept  upon  which  this  research 
project  is  based  takes  into  account  the  necessity 
of  low  grade  lumber  competing  economically 
with  the  better  grades  of  lumber  for  given 
product  purposes.  In  order  to  compete  econom¬ 
ically  low  grade  lumber  must  of  necessity  have 
some  price  di£Ferential  in  its  favor  to  start  with. 
This  situation,  of  course,  has  existed  tradition¬ 
ally  in  the  lumber  market  and  no  doubt  will 
continue.  The  question  of  economic  competi¬ 
tion  therefore,  may  be  judged  in  the  final  anal¬ 
ysis  on  whether  the  cost  of  recoverable  mate¬ 
rial  in  low  grade  lumber  plus  the-  cost  of 
mechanized  preparation  and  fabrication  into 
the  desired  product  is  equal  to  or  less  than  the 
cost  from  a  better  grade  of  lumber  processed 
by  conventional  methods.  • 

In  the  milling  procedure  certain  operations 
are  common  to  good  practice  in  preparation  of 
stock  for  gluing  and  should  be  charged  on  a 
gross  footage  basis.  The  cost  of  raw  material 
plus  preparation  varies  inversely  as  the  net 
yield  of  the  lumber,  i.e.  as  the  yield  decreases 


Table  11. — Recovery  From  Actual  Cutting  Test  by  Size  and  Grade  of  Cutting 
(3  boards  in  each  cutting  size) 


Size  of  cutting 


Entirely  Clear  one 
clear  face 


Paint 


Total  paint 
and 
better 


Percent  by  Volume 


Fall-down* 


Total 

uaeable 


I  by  1  by  random. 

1  by  1  by  8 _ 

1  by  1  by  12 . 

1  by  1  by  16 _ 

1  by  1  by  20 _ 

I  by  2  by  random. 

1  by  2  by  8 _ 

1  by  2  by  12 . . 

1  by  2  by  16 _ 

1  by  2  by  20 . . 


1  by  8  by  random 

I  by  8  by  8 _ 

1  by  8  by  12 . 

1  by  8  by  16 _ 

1  by  8  by  20 . 


48 

8 

8 

64 

0 

54 

43 

9 

5 

67 

0 

57 

35 

19 

6 

69 

6 

64 

39 

11 

7 

67 

10 

67 

21 

20 

12 

68 

10 

6.8 

28 

’  12 

10 

60 

13 

63 

84 

6 

0 

40 

16 

56 

27 

12 

16 

65 

20 

76 

9 

18 

21 

43 

22 

65 

12 

4 

16 

31 

26 

57 

82 

10 

8 

45 

86  *' 

81 

88 

8 

9 

55 

17 

72 

18 

10 

18 

36 

35 

71 

18 

12 

17 

42 

25 

67 

6 

6 

28 

39 

35 

741 

I  Paint  and  better  grade  cuttinga  of  varioua  sizes  to  1  by  1  by  8  inch  minimum. 
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the  cost  increases  in  a  mathematic  ratio.  This 
can  be  expressed  as:  -  -*-  » 

.  M+P''-:., 

1  R  - 

in  which, 

C  =  Net  cost  of  material  and  preparation 

M  =  Gross  cost  of  material 

P  =  Gross  preparation  costs  - 

R  =  Percent  of  recovered  maiterial 

In  order  to  maintain  a  limiting  net  cost  of 
prepared  material,  lumber  with  a  reduced  re¬ 
covery  percent  may  be  used  if  at  the  same  time 
gross  lumber  costs  and  preparation  costs  can  be 
reduced  proportionately. 

Illustration  of  this  relationship  as  it  affects 
the  measured  yields  of  uniform  cuttings  from 
low  grade  lumber  is  shown  in  Table  12  in 


recovery  obtained  in  1  by  1  by  random  size 
(70.5  percent) ,  this  margin  amounts  to  $43.62. 
If,  however,  the  cost  of  processing  could  be 
reduced  from  $30.00  to  $20.00  per  M.  bd.  ft. 
through  greater  mechanization,  this  margin 
would  be  increased  to  $57.81  for  the  1  by  1 
by  random  size  and  the  minimum  yield  re¬ 
quirements  lowered  to  43.3  percent.  At  70.5 
percent  recovery  this  $10.00  reduction  in 
processing  costs  is  worth  $14.19,  but  at  43.3 
percent  it  is  worth  $23.21.  With  processing 
costs  of  $30.00  per  M.  bd.  ft.  four  of  the  pro¬ 
posed  cutting  sizes  show  a  margin  above  the 
$150.00  net  cost  of  useable  material.  If  proc¬ 
essing  costs  can  be  decreased  to  $20.00  then 
six  cutting  sizes  show  a  margin  above  the 
assumed  net  cost. 


Table  12. — Effect  of  Recovery  and  Preparation  Costs  on  the  Net  Cost  of 
Lumber  for  Product  Purposes 


Lumber  cost  per  Preparation  coata  per  M.  bd.  ft.  of  rough  lumber 

M.  bd.  ft.  (P) 


$10.00 

$20.00 

$30.00 

$40.00 

$50.00 

M-fP 

Recovery 

Groea 

Net  coat  of  prepared  cuttings, 

c= - - 

Size  of  cutting 

(R) 

(M) 

Net 

R 

•  .  1 

Percent 

Dollars 

Dollars 

1  by  1  by  random _ 

_  70.6 

46.00 

63.82 

78.01 

92.19 

106.38 

121.23 

134.75 

63.3 

46.00 

71.09 

'  86.88 

102.68 

118.48 

134.28 

150.00 

1  by  1  by  8 _ 

....  61.8 

46.00 

72.81 

88.99 

105.17 

121.35 

137.54  ] 

153.72 

1  by  2  by  random . 

_  67.8 

46.00 

77.85 

96.16 

112.46 

129.76 

147.06 

I  164.35 

56.7 

46.00 

79.36 

97.00 

114.63 

132.27 

150.00  1 

167.54 

1  by  1  by  16 . 

....  52.1 

46.00 

86.87 

106.66 

124.76 

143.95  1 

1  163.14 

182.34 

// 

60.0 

46.00 

90.00 

110.00 

130.00 

150.00  < 

170.00 

190.00 

1  by  2  by  8,1- _ 

_  49.0 

46.00 

91.83 

112.24 

132.65 

153.06 

173.46 

193.87 

1  by  3  by  random _ 

_  46.9 

46.00 

96.94 

117.27 

138.69 

169.91 

181.23 

202.66 

43.8 

46.00 

103.92 

127.02 

150.00 

173.21  ■ 

196.30 

219.39 

1  by  2  by  16 _ 

_  39.9 

46.00 

112.78 

137.84 

162.90 

-  187.96 

213.03 

238.09 

1  by  8  by  8 . 

_  38.9 

46.00 

116.68 

141.38 

167.09 

192.80 

218.50 

244.21 

36.7 

46.00 

122.61 

160.00 

177.11 

204.86 

231.60 

268.85 

1  by  3  by  16 _ 

_  31.6 

46.00 

142.40 

174.05 

206.69 

237.34 

268.98 

300.63 

which  net  cost  has  been  computed  for  various 
recovery  percents  and  various  preparation  costs 
and  assuming  No.  3  Common  hardwood  lum¬ 
ber  to  be  available  at  a  cost  of  $45.00  per  M. 
bd.  ft.  A  net  cost  of  $150.00  has  been  assumed 
as  a  hypothetical  economic  limit  for  purposes 
of  illustration  and  this  figure  has  been  included 
in  the  table  with  its  corresponding  limiting 
recovery  percent. 

If  preparation  costs  can  be  assumed  at 
$30.00  the  low  grade  lumber  must  yield  50 
percent  of  useable  stock,  but  any  cutting  size 
yielding  above  50  percent  would  produce  a 
margin  of  saving.  At  the  maximum  measured 


This  illustrative  discussion  has  not  included 
the  costs  of  gluing  and  it  is  recognized  that 
some  elements  of  gluing  costs  will  vary  with 
size  of  cutting  even  thpugh  gluing  may  be 
assumed  to  be  done  on  a  modem  continuous 
glue  press.  The  cost  elements  ignored  are  glue 
application,  laying-up,  and  glue  costs.  How¬ 
ever,  it  is  believed  that  the  differences  between 
small  and  conventional  cuttings  in  these  ele¬ 
ments  are  small  in  comparison  with  the  differ¬ 
ences  involved  in  preparation  by  conventional 
methods. 

The  key  to  economic  utility  of  low  grade 
lumber  in  the  method  ?  proposed  involves 
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mainly  reduction  in  costs  of  preparation 
through  mechanized  handling.  It  is  expected 
that  specific  costs  of  preparation  may  be  esti¬ 
mated  in  a  later  phase  of  this  project. 

Preparation  of  Low  Grade 
Lumber  for  Glued  Products 

It  is  not  profitable  to  process  small  cuttings 
with  conventional  methods  because  of  the  high 
labor  costs.  However,  small  cuttings  of  uni¬ 
form  size  are  adaptable  to  mechanization  (con¬ 
veyors,  automatic  feeding,  and  off-bearing) 
often  precluded  for  larger  random  width  and 
length  cuttings.  Good  practice  in  conventional 
dimension  preparation  requires  at  least  five 
machine  operations  (usually  each  with  a  feeder 
and  off -bearer)  to  prepare  rough  lumber  for 
gluing.  Uniform  dimensioned  stock  need  re¬ 
quire  only  two  manual  operations  to  the  point 
of  gluing,  (1)  cross-cutting  lumber  to  multiple 
lengths  and  (2)  sorting  and  culling  for  uni¬ 
form  lengths,  or  knot  sawing  for  random 
length  cuttings. 

Low  grade  lumber  is  generally  regarded  as 
presenting  more  difficult  rough  milling  prob¬ 
lems  than  hi^er  grade  lumber.  A  portion  of 
this  difficulty  may  be  due  to  the  greater  preva¬ 
lence  of  natural  defects  such  as  knots,  shake, 
and  wane,  and  some  to  the  usually  poorer 
treatment  accorded  low  grade  lumber  in  piling, 
seasoning,  and  storage.  In  addition  to  natural 
defects  low  grade  boards  may  have  excessive 
wind  or  twist,  bow,  crook,  and  cup.  The  effects 
of  bow  and  crook  and  to  some  extent  wind  or 
twist  can  be  mitigated  by  judicious  cross¬ 
cutting  of  the  board.  A  facing  planing  is  re¬ 
quired  however,  to  fully  eliminate  the  latter 
and  produce  one  flat  surface  on  the  board. 
Dipping  can  be  reduced  in  wide  boards  by 
center  ripping.  If  boards  are  to  feed  against  a 
fence  in  subsequent  machine  operations,  one 
edge  should  be  strai^tened  or  jointed. 

A  sequence  of  operations  for  preparation  of 
uniform  cuttings  for  edge  gluing  might  be  as 
follows:  (1)  cut-off,  (2)  facing  planer,  (3) 
sizing  planer,  (4)  jointer  to  straighten  one 
edge,  (5)  gang  rip-saw,  (6)  gang  cut-off  saw, 
(7)  sorting  and  culling  for  uniform  length 
cuttings,  or  knot  sawing  for  random  length 
cuttings,  (8)  glue  jointer  or  sticker,  (9)  end 
joining  for  random  length  cuttings. 


Processing  of  uniform  cuttings  requires 
higher  equipment  costs  than  for  present  con¬ 
ventional  methods.  This  increased  cost  should 
be  more  than  amortized  by  savings  in  labor 
and  machine  efficiency.  Employing  mass  pro¬ 
duction  techniques,  it  would  require  compara¬ 
tively  large  volumes  of  raw  material  and  con¬ 
tinuous  operation  on  types  of  products  in  large 
demand.  Lacking  the  flexibility  of  hand  oper¬ 
ated  machines,  it  could  not  be  proposed  for 
products  of  limited  volume.  The  main  interest 
in  such  an  operation  will  come  from  the  oppor¬ 
tunity  to  develop  profit  from  a  low  cost  raw 
material. 

Possible  Products  From  Glued  Uniform 
Cuttings  From  Northern  Hardwood  Lumber 

Customer  acceptance  and  technical  superior¬ 
ity  of  wood  products  glued  for  width  are  well 
established  in  the  trade.  From  the  standpoint 
of  appearance,  numerous  glue  lines  and  par¬ 
ticularly  end-joined  pieces  may  be  objection¬ 
able.  For  many  uses  where  technical  qualities 
and  ability  to  arrange  the  grain  of  the  wood 
are  important,  appearance  may  be  a  ’secondary 
consideration.  In  some  products  glue  lines  and 
joints  might  be  incorporated  for  design  pur¬ 
poses. 

The  technical  advantages  of  uniform  dimen¬ 
sioned  parts  for  glued  products  are  (a)  re¬ 
duced  tendency  to  warp  and  twist  in  the 
products,  (b)  ability  to  select  grain  of  wood 
to  improve  wearing  qualities,  (c)  opportunity 
to  select  stock  for  pattern  or  figure. 

Large  scale  markets,  preferably  consumer 
products,  are  needed  to  implement  production 
from  this  process.  A  testing  program  would  be 
needed  to  establish  utility  of  the  product. 

A  few  specific  categories  of  products  for 
small  uniform  cuttings  together  with  points  of 
primary  advantage  might  be  summarized  as 
follows: 

(a)  Uses  where  a  reduction  in  the  tendency 
of  wood  to  warp  and  twist  are  impor¬ 
tant. 

1.  Core  stock 

2.  Shoe  lasts 

3.  Rollers 

(b)  Uses  in  which  wearing  qualities  are  of 
primary  importance. 

1.  Bowling  pins 

2.  Machine  and  appliance  parts 
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(c)  Uses  in  which  figure  of  the  wood  in¬ 
cluding  certain  defects  such  as  stain, 
birds  eye,  etc.,  could  add  value  to  the 
product. 

1.  Flooring,  block  type  or  end-joined 
strip 

2.  Panels  for  walls  or  furniture 

Summa^  and  Conclusions 

1.  Number  3  Common  northern  hardwood 
lumber  is  produced  in  large  volume  and  the 
high  quality  of  the  clear  portions  of  this  lum¬ 
ber  is  not  normally  a  factor  in  its  utility. 

2.  The  major  portion  of  low  grade  lumber 
is  useable  only  as  cut  stock  but  the  low  yield 
of  conventional  dimension  cutting  and  high 
preparation  costs  prohibit  its  use  for  high 
quality  products. 

3.  Yields  in  small  cuttings  has  been  shown 
to  be  higher  than  conventional  dimension  stock 
from  low  grade  lumber  and  these  yields  have 
been  shown  to  have  a  predictable  relationship 
to  size  of  cutting.  Yield  increases  as  width  and 
length  decrease. 

4.  Comparatively  low  yields  of  useable  cut¬ 
tings  mus»-  be  compensated  for  by  decreased 
preparation  costs,  and  uniform  sized  cuttings 
are  adaptable  to  low-cost  mechanized  methods 
of  processing. 


3.  In  modern  concepts  of  wood  use  small 
size  of  cutting  offers  several  technical  advan¬ 
tages  in  glued  products. 

6.  Consideration  of  increased  yields,  produc¬ 
tion  cost  reduction  and  product  adaptability  of 
small  uniform  cuttings  constitutes  a  new  and 
hopeful  approach  to  the  problem  of  utility  of 
low  grade  northern  hardwood. 

Discussion 

Charles  M.  Kreider  (Elmendorf  Research, 
Inc.)  :  The  utilization  of  No.  3  Common  hard¬ 
wood  lumber  has  assumed  increasing  impor¬ 
tance,  particularly  in  the  northern  hardwood 
areas,  where,  as  is  pointed  out  in  this  paper, 
some  mills  average  as  high  as  50  percent  No. 
3A  and  3B  Common. 

The  key  to  economical  processing  of  the 
No.  3  Common  grade  of  lumber  lies  princi¬ 
pally  in  efficient  mechanization  of  the  han¬ 
dling  of  the  small  pieces  and  cuttings. 

•  For  certain  specific  end  use  products,  such 
as  flooring,  it  is  possible  today  to  set  up  a 
small,  though  highly  mechanized  line  that  can 
economically  do  the  multitude  of  operations 
required  on  No.  3  Common  to  bring  it  into  a 
readily  saleable  commercial  form.  An  opera¬ 
tion  of  just  this  sort  will  be  put  into  commer¬ 
cial  production  by  one  of  our  clients  in  Ken¬ 
tucky  in  the  next  90  days  or  so. 
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Cut-Stock  From  Western  Softwoods 

H.  Z.  White 

Research  Engineer,  Potlatch  Forests,  Inc.,  Lewiston,  Idaho 

The  manufacture  of  weatem  softwood  cut-stock  at  the  source  of  the  lumber  supply  has  been  receiving 
increased  attention  by  both  the  consumer  and  producer.  Substantial  savings  to  both  can  be  effected  by  a 
program  of  research  to  develop  further  this  method  of  delivery.  Co-ordinated  with  this  should  be  a  research 
program  direaed  toward  the  mcreased  use  for  cut-stock  of  the  secondary  species  of  trees  indigenous  to  the 
western  softwood  producing  area. 


Introduction 

HE  utilization  of  western  softwoods  for 
cut-stock  is  actually  not  a  new  develop¬ 
ment.  They  have  been  used  in  some  meas¬ 
ure  for  many  years  past;  however  some  new 
elements  have  entered  the  picture  in  more  re¬ 
cent  years  which  have  altered  the  general  situa¬ 
tion  to  a  certain  degree. 

The  entrance  of  quite  a  large  number  of 
western  softwood  prc^ucers  into  the  cut-stock 
field  is  perhaps  one  of  the  more  important  of 
these  elements  and  the  one  whose  effect  will 
be  most  widely  felt.  No  doubt  a  similar  situa¬ 
tion  exists  in  the  users  field,  which  has  caused 
some  difficulty  in  the  equitable  distribution  of 
lumber  stocks  during  the  current,  or  recent 
lumber  shortage. 

Recent  Trends 

In  recent  years  the  trend  has  been  toward 
the  establishment  of  cut-stock  facilities  through¬ 
out  the  western  softwood  producing  territory, 
so  that  those  wood-consuming  industries  in 
other  areas  could  be  supplied  with  pre-cut 
stock  of  the  size,  shape,  and  quality  desired. 
The  introduction  of  cut-stock  facilities  into  the 
western  softwood  producing  areas  was  more 
or  less  of  a  war-born  enterprise,  starting  largely 
from  the  critical  need  for  crating  and  pallet 
stodc.  During  this  time  most  of  the  lumber 
was  cut  "alive”  (cutting  full  length  boards 
into  shorter  specified  lengths  on  a  multiple¬ 
cutting  basis  rather  than  on  a  selective  basis), 
since  the  greatest  need  at  that  time  was  for 
lumber  cut  to  exart  length  for  crating.  Gener¬ 
ally,  existing  box-factory  equipment  was  used 
at  the  start,  but  as  experience  was  gained,  and 
the  need  for  the  box-factory  equipment  in  the 
production  of  boxes  became  greater,  separate 
cutting  equipment  for  the  production  of  cut- 


stock  was  obtained.  The  advantages  of  cutting 
at  the  producing  site  became  manifest,  and 
since  these  advantages  were  very  much  worth 
while  to  the  producer,  the  user,  and  to  the  lum¬ 
ber  industry  in  general,  the  expansion  of  cut 
stock  facilities  within  the  producing  area  be¬ 
came  a  matter  of  course. 

The  prime  objective  of  this  trend  has  been 
toward  the  reduction  of  cost  to  the  user,  and 
toward  the  increase  of  profit  to  the  producer. 
A  partial  list  of  the  advantages  that  accrue  to 
the  user  through  the  purchase  of  ready-cut  stock 
are: 

(a)  Reduction  in  transportation  costs. 

(b)  Lowering  of  the  raw  material  inventory. 

(c)  Elimination  or  simplification  of  waste 

disposal.  ’ 

(d)  Fairly  definite  raw  material  cost. 

The  advantages  to  the  sawmill  that  estab¬ 
lishes  a  cut-stock  plant  include: 

(a)  Utilization  of  slow-moving  items  for 
cut-stock. 

(b)  Using  for  cut-stock  material  that  lum¬ 
ber  which  has  to  be  "re-manufactured” 
(ripped,  trimmed,  or  both)  before  be¬ 
ing  on  grade. 

(c)  Improved  waste  utilization  through  the 

.  use  of  slabs,  edgings,  or  trims  for  cer¬ 

tain  classes  of  cut-stock. 

(d)  Expanded  use  of  the  "associate”  spe¬ 
cies  of  the  western  pines,  (white  fir, 
western  larch,  Douglas  fir,  hemlock, 
and  western  red  cedar)  for  some  kinds 
of  cut-stock. 

The  savings  to  be  achieved  are  substantial,  but 
they  cannot  be  realized  without  adequate  re 
search  into  the  program  by  both  consumer  an<' 
producer. 
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Generally,  in  times  past,  the  bulk  of  that 
portion  of  the  western  softwoods  especially 
suitable  for  cut-;tock,  the  shop  and  factory 
grades  of  the  western  pines  in  particular,  has 
gone  to  those  wood-consuming  industries  en¬ 
gaged  in  the  manufacture  of  sash,  door,  or 
mill-work  items,  and  in  lesser  degree  to  those 
industries  engaged  in  the  production  of  house¬ 
hold  equipment  and  miscellaneous  items.  This 
material  has  been,  and  most  of  it  still  is,  de¬ 
livered  to  the  user  in  lumber  form,  the  user 
being  equipped  to  reduce  the  boards  to  the 
shapes  and  sizes  necessary  for  his  own  par¬ 
ticular  item  or  items  of  manufacture.  Some 
few  western  lumbering  concerns  have  been  en¬ 
gaged  in  the  production  of  cut-stock  for  many 
years,  but  recently  the  number  has  greatly  in¬ 
creased. 

This  trend  has  taken  several  forms.  In  some 
cases,  sawmills  that  have  operated  for  years 
with  the  manufacture  and  sale  of  lumber  as 
their  major  objective,  have  converted  to  an 
operation  with  intent  to  use  their  entire  saw¬ 
mill  out-put  in  their  own  cut-stock  plant.  Other 
plants  have  been  built  strictly  as  cut-stock 
plants  and  purchase  their  lumber  from  adja¬ 
cent  sawmills  for  use  in  their  operation.  Still 
other  plants  have  come  into  being,  complete 
with  ownership  of  timber  and  logging  opera¬ 
tions,  whose  entire  production  consists  of  cut- 
stock.  The  number  of  plants  in  these  categories, 
however,  is  not  large;  and  for  the  greater 
share  of  the  conversions,  the  trend  has  been 
toward  the  addition  of  cut-stock  departments 
to  existing  sawmills,  wherein  the  grades,  spe¬ 
cies,  and  types  of  lumber  most  acceptable  to 
cut-stock,  which  are  produced  within  any  given 
sawmill  can  be  utilized  in  the  cut-stock  de¬ 
partment  of  that  particular  mill. 

An  Example  of  a  Plant  Where  the  Cut-Stock 
Department  Has  Been  Added  to  an 
Existing  Sawmill 

A  plant  wherein  a  cut-stock  department  was 
added  to  an  existing  sawmill  is  most  familiar 
to  the  author,  such  familiarity  having  been 
achieved  through  the  layout  and  construction 
of  such  a  department  at  the  parent  operations 
of  this  Company.  Fig.  1  illustrates  the  floor 
plan  of  this  department,  with  special  attention 
directed  to  the  material  flow  and  to  the  areas 
for  transportation  facilities.  The  floor  plan 


also  indicates  how  a  transportation  lane  was 
incorporated  into  the  design  for  the  express 
purpose  of  providing  a  by-pass  around  the  rip¬ 
saws  to  the  cut-ofiF  saws  for  stock  not  in  ne^ 

^  of  ripping,  or  for  stock  that  should  be  cross¬ 
cut  before  ripping.  This  has  proven  to  be  very 
valuable  in  the  proper  manufacture  of  stock 
with  the  minimum  amount  of  waste.  This  divi¬ 
sion  of  boards  into  "rip”  type  and  "cross-cut” 
type  was  emphasized  in  a  paper  by  C.  D. 
Dosker,'  presented  to  this  Society  last  year, 
and  in  the  comments  upon  that  paper  by  others. 
This  plant  was  installed  within  an  existing 
building,  and  because  of  this,  some  compro¬ 
mises  with  the  theoretical  desires  were  neces¬ 
sary.  Since  this  plant  is  fairly  typical  of  other 
such  plants  in  this  territory,  a  short  descrip¬ 
tion  of  the  equipment  may  not  be  amiss.  The 
ripping  portion  consists  of  a  No.  300G  Her- 
mance  gang  rip-saw,  and  a  Diehl  No.  73 
straight-line  rip-saw.  There  are  four  Irvington 
automatic  cut-off  saws  and  one  special  angle 
cutting  saw  on  the  cross-cut  line.  The  moulder 
is  a  Woods’  No.  137M,  hopper-feed,  high¬ 
speed,  precision  machine.  'The  sander  is  the 
conventional  top  and  bottom  multiple-drum 
type.  The  transportation  is  handled  by  carrier 
or  lift-truck.  'The  finished  pieces  are  at  pres¬ 
ent  bundled  by  hand,  but  an  automatic  tying 
machine  is  anticipated.  After^  bundling,  the 
stock  is  palletized  for  further  handling  by  lift- 
truck.  A  Diehl-Dosker  electronic  gluer  is  in 
an  adjacent  room  for  the  production  of  cut- 
stock  requiring  gluing  into  larger  panels  or 
sizes.  All  waste  material  automatically  falls 
into  waste  conveyor  belts,  or  is  carried  away 
by  a  suction-blower  system.  Additional  special¬ 
ized  equipment  will  be  added  as  needed. 

Factors  of  Importance  to  Consumer 

From  the  consumer’s  standpoint  there  are 
two  factors  that  are  of  paramount  importance 
to  him  in  the  purchase  of  ready-cut  stock,  and 
these  factors  apply  equally,  in  general  terms, 
to  all  classes  of  users. 

First  and  foremost  in  importance  is  the 
source  of  supply.  Is  it  reliable?  Can  it  be  de¬ 
pended  upon  to  meet  the  users  needs  as  re¬ 
quired,  month  after  month  and  year  after  year? 

^C.  D.  Dosker.  Utilization  of  Low-Grade  Hard¬ 
wood  Lumber.  Proc.  For.  Prod.  Res.  Soc.  2:39—45 
(1948). 
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Users  who  have  facilities  for  cutting  stock  from 
lumber  are  understandably  loath  to  dispense 
with  such  equipment  if  there  is  any  doubt  as  to 
the  stability  of  the  source  of  supply.  It  is  only 
good  common  sense  to  make  sure  of  an  ade¬ 
quate,  continuing  source  of  supply  before  mak¬ 
ing  any  major  changes  in  the  operating  proce¬ 
dure.  Such  reliability  of  source  can  best  be 
obtained  by  an  intelligent  analysis  of  the  back¬ 
ground  of  the  various  sources  offered.  Unfor¬ 
tunately,  many  users  have  been  disappointed  in 
the  past  with  the  instability  of  their  cut-stock 
supply.  Generally  this  can  be  attributed  to  the 


sometimes  unsavory  business  reputation  of  the 
supplying  firm,  or  the  user  may  have  become 
involved  with  a  concern  of  fairly  short  pro¬ 
ductive  life  expectancy;  or  again  he  may  have 
been  dealing  with  a  broker  or  wholesaler 
whose  source  of  supply  has  been  exhausted. 
Such  happenings  naturally  have  caused  dissat¬ 
isfaction  with  the  purchase  of  cut-stock  to  the 
user  who  experienced  them  and  to  many  others 
who  may  have  learned  about  them. 

The  second  factor  of  importance  to  the  pur¬ 
chaser  of  cut-stock  is  the  quality  of  the  mate¬ 
rial.  This  factor  may  be  said  to  include  the 
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sub-factors  of  grade,  seasoning,  and  accuracy 
of  adherence  to  the  specifications  given.  No 
one  should  argue  against  the  necessity  of  these 
requirements  being  exactly  as  specified  by  the 
customer,  yet,  according  to  the  records  of  an 
investigation  conducted  by  the  Forest  Products 
Laboratory^  there  have  been  instances  where 
the  loss  to  the  user  was  as  much  as  20  percent 
through  neglect  of  the  producer  to  adhere 
strictly  to  the  specifications.  Considerable  dis- 
satisfacti(m  has  been  caused  by  such  practices, 
which  reflected  unfavorably  on  the  cut-stock 
producers  in  general.  Such  practices  are  looked 
upon  with  extreme  disfavor  by  those  lumber 
producing  firms  who  pride  themselves  upon  the 
reliability  and  quality  of  their  products,  and 
more  particularly  so  by  those  firms  who  have 
planned  their  business,  including  the  cut-stock 
department,  on  a  permanent  basis. 

Factors  of  Importance  to  the  Producer 

An  adequate  and  varying  order  file  is  of 
greatest  *  importance  to  the  producer.  Within 
certain  limitations,  dictated  mainly  by  the 
storage  capacity  for  finished  stock,  ^e  greater 
the  number  and  the  more  variant  the  size  of 
the  items  on  order,  the  more  efficient  is  the 
plant  operation,  especially  with  respect  to 
waste.  For  example,  a  specification  calling  for 
stock,  say,  4^  inches  in  width,  is  an  extremely 
wasteful  item  to  manufacture.  This  is  particu¬ 
larly  true  if  it  has  to  be  made  from  standard 
widths  lumber  and  there  is  no  accompanying 
order  that  will  work  in  combination  with  it. 
Regardless  of  the  width  of  stock  from  which  it 
may  be  ripped,  either  6-,  8-,  10-,  or  12-inch 
stock,  a  strip  of  odd  inches  and  fractions  is 
left.  To  keep  the  waste  to  a  minimum,  this 
strip  must  be  used,  and  the  best  possible 
method  of  utilization  is  to  have  an  accompany¬ 
ing  order  that  will  make  the  fullest  use  of  the 
left-over  strip.  Failing  this,  the  next  alterna¬ 
tive  is  to  save  these  strips  in  the  hope  that  an 
order  can  be  gotten  that  will  use  them.  Only 
a  certain  quantity  of  such  items  can  be  accom¬ 
modated,  however,  -because  of  the  general  lack 
of  storage  facilities,  and  eventually  such  items 
may  have  to  be  disposed  of  at  a  considerable 

’Forest  Products  Laboratory,  Forest  Service,  U.  S. 
Department  of  Agriculture.  Cut-Stock  Possibilities  in 
Wood-Consuming  Industries  in  Midwestern  States. 
Report  No.  D1724. 


loss.  Such  specifications  for  size  naturally  cost 
more,  because  of  the  risk  involved  in  an  ex¬ 
cessive  amount  of  waste.  This  problem  is  not 
so  apt  to  happen  if  shop  lumber  is  used  in  the 
cut-stock  plant,  as  it  is  produced  in  random 
widths  and  fits  more  readily  to  the  ripping 
of  uneven  and  fractional  inch  widths.  The 
difficulty  lies  in  the  fact  that  only  a  certain  type 
of  log  will  produce  a  goodly  percentage  of  shop 
lumber,  and  that  type  of  log  is  becoming  more 
scarce,  with  the  result  that  more  and  more  of 
the  common  grades  will  have  to  be  used  in  the 
production  of  cut-stock.  It  would  seem  that 
many  times  this  problem  could  be  eliminated, 
or  at  least  alleviated  in  substantial  degree,  by 
engineering  the  item  to  fit  standard  finished 
lumber  sizes.  This  problem  of  designing  an 
item  so  as  to  provide  for  the  most  economical 
use  of  standard  lumber  sizes  has  been  discussed 
before  in  connection  with  papers  presented  to 
this  Society,  and  its  importance  is  of  such  mag¬ 
nitude  that  it  bears  constant  repetition.  The 
continued  effort  of  the  architect  and  the  de¬ 
signer  in  this  direction  will  eventually  result 
in  its  solution  to  the  idtimate  degree  possible. 

Need  to  Use  "Secondary  Species” 

In  the  paper  “Utilization  of  Low-Grade 
Hardwood  Lumber”,  presented  before  this  So¬ 
ciety  last  year  by  Mr.  Dosker,^  the  following 
statement  appears:  "The  utilization  of  low- 
grade  hardwood  lumber  presents  one  of  the 
greatest  problems  facing  the  hardwood  produc¬ 
ing  and  consuming  industries  today”.  By  sub¬ 
stituting  the  words  "secondary  species”  for  the 
term  “low-grade”,  and  the  word  “softwood  for 
the  word  "hardwood”,  that  statement  becomes 
applicable  to  the  softwood  lumber  industry. 
Since  the  term  “secondary  species”  may  be 
confusing  in  some  respects,  it  should  be  ex¬ 
plained  that  this  term  includes  those  species  of 
trees  that  naturally  grow  in  association  with 
the  principal  tree  of  an  area.  In  the  western 
softwood  producing  territory  there  is  a  marked 
locale  of  growth  of  the  several  different  prin¬ 
cipal  species  of  trees,  each  principal  specie  in 
turn  having  one  or  more  associate  species  sec¬ 
ondary  to  it  in  its  particular  locality.  Hemlock 
is  secondary  to  Douglas  fir  on  the  northwestern 
Pacific  coast.  In  the  western  yellow  pine  and 
sugar  pine  areas  in  southern  Oregon  and  north¬ 
ern  Gilifornia,  white  fir  is  the  secondary  specie. 
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and  in  the  more  arid  and  mountainous  regions, 
mountain-growth  Douglas  fir  also  becomes  sec¬ 
ondary.  In  the  western  yellow  pine  areas  of 
eastern  Oregon,  southern  Idaho,  and  parts  of 
the  Inland  Empire  (a  territory  more  or  less 
centrally  located  around  Spokane,  Washing¬ 
ton),  white  fir,  mountain-growth  Douglas  fir, 
and  western  larch  are  secondary.  In  the  west¬ 
ern  white  pine,  or  Idaho  white  pine  area  of 
northern  Idaho,  white  fir,  mountain-growth 
Douglas  fir,  western  larch,  western  yellow  pine, 
and  western  red  cedar  are  secondary. 

Easily  understood  is  the  preference  for  the 
western  pines  and  Pacific  coast  Douglas  fir  for 
use  in  the  manufacture  of  softwood  furniture, 
cabinet  work,  house  trailers,  prefabricated 
structures,  and  various  miscellaneous  items. 
These  species  are  truly  the  "cream  of  the  crop”. 
Their  growth  characteristics  produce  a  wood 
that  is  soft,  even-textured,  and  in  general 
easily  worked,  the  pines  considerably  more  so 
than  the  Douglas  fir.  Their  growing  scarcity, 
while  not  alarming,  is  something  that  must  be 
given  consideration  by  those  firms,  both  pro¬ 
ducers  and  users,  who  plan  a  permanent  opera¬ 
tion.  Conversely,  the  secondary  species  do  not 
have  growth  characteristics  which  produce  soft, 
even-textured,  easily  worked  material.  The 
summer  wood  in  these  species  is  hard  in  con¬ 
trast  to  the  softer  growth  spring  wood;  conse¬ 
quently  the  wood  is  not  so  easily  worked, 
especially  with  hand  tools.  The  'strength  char¬ 
acteristics  are  greater  than  the  pines,  and  in 
that  respect,  should  be  more  preferable  for 
many  items  of  cut-stock.  The  available  volume 
of  these  secondary  species  is  tremendous.  A 
few  specific  examples  of  appropriate  usage  of 
these  secondary  species  in  the  cut-stock  field 
follow: 

(a)  White  fir,  a  wood  that  is  moderately 
strong,  light  in  weight,  light  in  color, 
and  practically  odorless  when  dry, 
adapts  itself  very  readily  to  boxes  and 
crating,  and  to  the  shorter  items  in  cut- 
stock.  By  confining  its  use  to  the  shorter 
items,  which  can  be  cut  out  between  the 
knots,  its  tendency  to  warp  can  be  over¬ 
come.  Certain  lay-up  methods  of  assem¬ 
bly  should  make  this  wood  suitable  for 
core-stock  in  th^_,  moderate  grades  of 
veneered  furniture.  It  is  hoped  that 


some  work  can  be  done  in  the  explora¬ 
tion  of  this  field. 

(h)  Western  larch  is  the  heaviest  and  hard¬ 
est  of  the  western  softwoods,  being  very 
close-grained  and  strong.  Its  weight 
and  strength  make  it  suitable  for  use  in 
cut-stock  items  requiring  those  quali¬ 
ties.  Comerposts  of  various  items  of 
furniture  serve  as  a  general  example,  as 
do  certain  types  of  toys  that  require  a 
high  degree  of  strength.  It  should  be 
especially  suitable  in  the  framework  of 
trailer  houses. 

(c)  Mountain  growth  Douglas  fir  ranks 
next  to  western  larch  in  strength  and 
weight  characteristics  and  in  many  items 
can  be  used  interchangeably  with  it. 

(d)  Western  red  cedar  is  a  wood  light  in 
weight,  moderate  in  strength,  ahd  has 
a  characteristically  pungent  odor,  which 
none-the-less  is  pleasing.  It  is  very  suit¬ 
able  for  drawer  sides,  bottoms,  and  even 
fronts  in  many  types  of  softwood  furni¬ 
ture.  Its  aromatic  quality  makes  it  semi¬ 
vermin  proof,  and  in  that  respect  is 
especially  suitable  for  linings  in'  clothes 
ward-robes,  chests,  closets,  etc. 

(e)  Hemlock  is  extensively  used  for  pulp, 
so  the  problem  of  its  use  is  not  so  press¬ 
ing  as  with  some  of  the  other  secondary 

•  species. 

The  introduction  of  these  secondary  species 
into  the  field  of  cut-stock  is  a  necessary  proce¬ 
dure  in  the  immediate  future.  The  problem -is 
one  of  ever  increasing  importance.  The  cur¬ 
rently  lessening  demand  for  these  species  as 
lumt^r,  makes  it  more  urgently  important  than 
ever.  Research — co-operative  research  between 
the  producer  and  the  consumer  of  cut-stock — 
is  the  best  means  of  approaching  a  solution. 

Discussion' 

G.  CoHuci  (Southern  Box  and  Lumber  Com¬ 
pany)  :  The  production  of  cut-to-size  stock  on 
the  same  site  where  the  lumber  is  produced  or 
kiln  dried  ^4  dressed  is  very  desirable,  and  I 
believe  that  from  time  to  time,  it  will  become 
more  important  ih  the  marketing  of  forest 
products.  The  smaller  thfe  finished  parts  are, 
the  greater  is  the  yield;  therefore,  it  shall  be-« 
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hoove  the  producers  to  develop  markets  for  the 
smallest  possible  sizes  that  can  be  utilized. 

The  second  thought  on  the  subject  is,  that 
thisi  cannot  be  a  one-sided  proposition,  result¬ 
ing  only  to  the  benefit  of  the  mill  and  not  the 
user.  Prices  should  be  established  so  that  they 
will  yield  a  fair  profit  to  the  mill  and  a  con¬ 
siderable  saving  to  the  user.  In  this  way,  both 
will  be  anxious  to  develop  the  process. 

Arlie  IF.  Toole  (Michigan  College,  of  Min¬ 
ing  and  Technology) :  The  successful  utiliza¬ 
tion  of  secondary  species  in  order  to  extend  the 
supply  of  primary  species  is  a  desirable  conser¬ 
vation  measure,  and  a  necessity  for  many  firms 
now  embarked  on  forest  management  programs. 
Removal  of  these  secondary  species  may  be 
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silviculturally  desirable  and  the  volume  of  ma¬ 
terial  thus  made  available  may  constitute  an 
important  source  of  raw  material  for  mills  and 
plants  in  years  ahead. 

The  net  effect  of  railroad  rate;  increases  is 
to  limit ‘the  value  and  grade  ofi  lumber  that 
can  be  shipped  to  market.  Under  a  situation 
of  increasing  rates,  upper  grades  of  the  more 
valuable  species  can  be  delivered  to  the  con¬ 
sumer  at  a  lower  proportionate  cost  than  the 
lower  grades.  Any  method  of  increasing  the 
value  of  the  product  to  the  purchaser  will  tend 
to  maintain  markets  for  the  lower  grades  and 
less-sought-after  species.  Production  of  cut 
stock  might  well  be  the  means  of  accomplish¬ 
ing  this  end. 


109 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


/ 


Handling  of  Assembly  Materials  in 
Furniture  Manufacture 

W.  Burdette  Wilkins 
Consulting  Engineer,  Ridgewood,  N.  /. 

Methods  of  speeding  up  and  reducing  the  cost  of  assembly  operations  in  furniture  manufaaur«  are  de* 
scribed.  A  type  of  joint,  ai^cation  of  glue,  and  method  of  assembly  for  furniture  drawers  are  described  and 
are  said  to  speed  up,  sun^fy,  and  improve  drawer  assembly.  The  compressed  tenon  and  mating  monise  are 
discussed,  and  the  advantage  of  this  type  of  joint  over  the  normal  mortise  and  tenon  is  pointen  out. 


Introduction 

IN  ATTEMPTING  to  outline  and  present 
data  on  the  handling  of  parts  for  assembly 
of  furniture  or  any  wood  working  item,  the 
subject  is  so  broad  that  I  shall  confine  my  com¬ 
ments  to  two  or  three  specific  problems. 

Material  handling  from  the  conveyor  system 
and  the  lift  truck  angle  has  been  so  well  cov¬ 
ered  by  various  papers  that  I  am  not  going  to 
attempt  to  delve  further  into  this  but  will  de¬ 
vote  myself  to  steps  in  the  actual  picking  up 
and  laying  down  of  the  material  and  rapid  and 
accurate  assembly  of  the  parts. 

In  doing  this  I  will  cover  three  subjects: 
(1)  the  assembly  of  drawers  for  bureau  drawer 
construction  or  case  goods  where  a  drawer  is 
involved;  (2)  the  application  of  the  adhesive, 
which  after  all,  is  a  material  (much  is  being 
done  on  spreaders  and  so  forth,  but  this  is  an 
application  for  assembly  gluing) ;  (3)  the 
assembly  of  case  goods  involving  a  mortise  and 
tenon  joint,  where  a  case  clamp  is  used  and  the 
necessity  for  production  results  demands  a 
short  time-cycle  in  the  case  clamp. 

Drawer  Assembly 

There  are  several  regulation  methods  of 
assembling  drawers,  such  as  a  complete  dove 
tail  or  a  dove  tail  front  with  a  lock  corner 
back,  or,  in  some  instances,  various  types  of 
joints  that  depend  entirely  upon  the  glue  for 
the  strength  of  the  joint.  In  all  cases,  the 
drawer  clamp  operation  has  been  an  assembly 
proposition  where  the  entire  drawer  is  assem¬ 
bled  and  placed  in  the  clamp  for  pressing  and 
squaring.  In  some  cases,  the  drawer  is  placed 
in  a  clamp  with  the  front  and  two  sides;  the 
clamp  is  tightened;  the  three  pieces  are  re¬ 


moved,  and  the  bottom  and  back  put  in  and 
the  piece  put  back  into  the  clamp  for  final 
pressing.  In  the  case  of  the  dove  tail  drawer, 
the  dove  tail  is  usually  of  sufi&cient  strength  so 
that  the  drawer  can  be  immediately  removed 
from  the  clamp,  and  the  glue  is  allowed  to  set 
at  its  own  convenience.  In  the  case  of  some 
of  the  other  constructions,  nails  are  sometimes 
applied  while  the  drawer  is  clamped  to  hold  it 
while  the  glue  sets.  In  all  of  these  cases,  how¬ 
ever,  the  operator  has  had  a  flimsy  loose  assem¬ 
bly  of  five  pieces  to  handle,  get  into  his  clamp, 
and  keep  squared  up.  This  has  required  some 
skill  in  order  to  speed  production,  and,  in  many 
instances,  has  led  to  considerable  damage  to  the 
drawers,  not  to  mention  the  all  too  frequent 
drawer  out  of  square. 

I  should  like  to  explain  a  system  that  is 
now  in  operation  in  a  very  sizable  furniture 
plant  in  the  South.  This  method  has  been 
studied  carefully  and  we  believe  we  have  a  very 
good  set  up  for  cheap  drawer  assembly.  In  the 
first  place,  the  drawer  sides  are  run  on  a  double 
end  tenoner.  We  do  not  use  a  dove  tail  joint. 
This  joint  depends  entirely  upon  the  strength 
of ’the  glue. 

Fig.  1  is  a  rough  drawing  of  the  type  of 
joint  that  we  are  using.  As  you  may  note,  the 
machining  on  both  ends  of  the  drawer  sides  is 
the  same.  This  eliminates  the  necessity  of  mak¬ 
ing  rights  and  lefts  and  simplifies  supplying 
stock  as  well  as  resulting  in  less  difficulty  in 
over-runs  or  under-runs  of  one  particular  side. 
These  drawer  sides  are  placed  in  a  hopper  feed 
that  is  so  constructed  that  on  touching  a  lever, 
the  sides  come  out  the  bottom  of  the  feed,  one 
at  a  time,  passing  under  a  very  rapid  pressure 
feed  glue  spreader  that  applies  the  glue  in  a 
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Fig.  1. — Rough  drawing  of  drawer  side  joint. 


fine  ribbon  exactly  in  the  joint  where  it  is  de¬ 
sired.  This  eliminates  smearing  the  glue  all 
over  the  drawer  sides  and  ehminates  practically 
all  the  cleaning-up  process  that  is  usually  pres¬ 
ent  in  the  assembly  of  drawers. 

The  machinery  on  which  these  drawers  are 
assembled  is  a  "squirrel  cage  type”  with  five 
positions.  The  machine  is  indexed  so  that  when 
it  is  ready  to  be  loaded  it  is  in  front  of  the 
operator.  The  operator  places  a  drawer  front 
on  the  flat  guides,  picks  up  two  drawer  sides 
from  the  automatically  fed  glue  applicator, 
which  has  applied  the  glue  in  the  proper  place, 
slides  these  three  pieces,  which  he  can  handle 
easily,  into  position  and  trips  the  first  air  clamp. 
This  clamps  'the  front  edge  of  the  two  sides 
to  the  front  of  the  drawer  and  locks  them 
securely.  The  locking  bar  is  a  2-inch  wide 
aluminum  bar  with  an  internal  electric  element 
capable  of  producing  a  temperature  of  250“  F. 
The  operator  then  picks  up  the  bottom  of  the 
drawer,  after  the  first  three  pieces  are  firmly 
locked  in  place,  and  slides  it  down  in  the 
grooves,  which  are  properly  aligned  with  gages. 
He  is  then  able  to  spring  the  drawer  sides 
sufliciently  to  allow  him  to  insert  the  back  of 
the  drawer.  Note  that  the  glue  has  already  been 
spread  on  the  sides  prior  to  inserting  in  the 
machine.  The  operator  now  trips  the  second 
air  clamp,  which  locks  the  clamping  position  at 


the  back  of  the  drawer.  Because  the  front  was 
locked  before  the  bottom 'was  put  in  and  it 
was  IcKked  in  perfectly  square  position,  this 
insures  squareness  of  lock  up. 

We  found  with  this  setup  that  after  the  first 
month  of  production  the  operator  was  able  to 
make  a  complete  cycle  of  five  drawers  in  2 
minutes  and  15  seconds.  This  cycle  has  been 
kept  up  at  a  steady  rate  for  quite  some  period 
of  time,  although  this  does  not  include  mixing 
the  glue,  or  loading  the  magazine,  which  is 
done  by  another  man. 

Adhesive  Handling 

In  the  previous  outline  of  drawer  assembly, 

I  mentioned  the  application  of  adhesive,  par¬ 
ticularly  the  problem  of  keeping  the  adhesive 
exactly  where  you  wanted  it  and  eliminating  the 
necessity  of  cleaning  up  afterwards.  The  same 
problem  is  very  prevalent  in  the  assembly  of 
case  goods  with  a  mortise  and  tenon  joint. 
Previous  practice  has  always  been  to  apply  this 
adhesive  with  either  a  brush  or  round  stick. 
The  glue  applicator  has  been  withdrawn  from 
the  pot  and  in  most  instances  the  operator" 
applies  it  to  the  first,  the  second,  the  third,  the 
fourth,  and  sometimes  the  fifth  mortise.  With 
this  method,  he  usually  gets  too  much  glue  in 
the  first,  slightly  too  much  in  the  second,  just 
about  the  right  amount  in  the  third  and  fourth, 
and  in  all  probability,  too  little  adhesive  in  the 
fifth  mortise.  It  is  impossible  to  control  this 
type  of  application  accurately  because  the 
worker  certainly  cannot  afford  to  waste  the 
time  required  to  dip  the  brush  for  each  mor¬ 
tise.  Also  with  this  method  of  application,  the 
bulk  of  the  adhesive  is  spread  around  the  top 
surfaces  of  the  mortise  and  this  is  not  exactly 
where  it  should  be.  It  should  be  down  on  the 
sides.  One  development  which  has  probably 
helped  more  than  anything  else,  and  a  step  in 
the  right  direction,  has  been  the  application  of 
the  adhesive  with  a  pressure  gun.  Most  of  the 
nozzles  of  these  guns  have  been  pointed  so 
that  at  times  the  adhesive  comes  out  through 
the  point  and  at  other  times  the  point  has  been 
blocked  off  and  the  glue  squirts  out  of  two 
small  holes  at  the  side  and  back  from  the  point. 
This  has  been  fairly  effective,  can  be  controlled 
reasonably  accurately,  and,  with  a  little  skill 
on  the  part  of  the  operators,  they  Can  do  quite 
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Fig.  2. — Rough  drawing  of  device  for  applying  glue 
to  a  mortise. 


a  good  job  with  it.  A  new  devise  which  we 
are  now  using  very  successfully  for  applying 
adhesive  to  a  mortise  is  shown  in  Fig.  2.  This 
is  a  square  applicator  fitted  to  the  end  of  a 
gun;  it  is  hollow;  and  has  two  holes  on  each 
of  the  four  sides,  slightly  up  from  the  bottom. 
The  bottom  is  roimded  so  that  the  applicator 
can  always  come  in  contact  with  the  bottom 
of  the  hole,  even  though  there  might  be  some 
chips  left  in  the  comer  from  the  hollow  chisel. 
The  important  factor  of  this  applicator  is  the 
distance  between  the  outer  walls  of  the  appli¬ 
cator  and  inner  walls  of  the  mortise.  This 
should  be  gaged  accurately  so  that  the  correct 
amount  of  adhesive  is  applied  to  all  sides  of 
the  mortise  joint.  With  a  little  skill,  the  oper¬ 
ator  can  soon  tell  just  when  he  has  applied  the 
right  amoimt  of  glue.  The  pressure  should  be 
kept  on  the  hi^  side  and  the  viscosity  of  the 
glue  should  also  be  high  so  that  after  applica¬ 


tion  of  the  glue  it  will  not  nm  out  or  run  to  a 
position  where  you  do  not  want  it  even  with 
turning  over  or  turning  upside  down. 

With  a  little  study  of  the  proper  air  pres¬ 
sure  back  of  the  adhesive  and  the  proper  vis¬ 
cosity  of  the  material,  together  with  the  correct 
size  of  the  applicator  holes,  it  is  quite  easy  to 
have  this  set  so  that  just  a  normal  squeeze  of 
the  trigger  gives  the  correct  amount  of  adhe¬ 
sive,  so  that  the  operator  does  not  have  to  do 
any  timing.  He  just  makes  one  closing  squeeze 
and  opens  it  immediately  and  the  correct 
amount  is  in  there. 

Just  as  a  simple  explanation  and  demonstra¬ 
tion  of  what  is  actually  being  accomplished  in 
this  even  distribution  of  adhesive  inside  the 
hole,  let  us  assume  that  we  have  a  straight 
strip  of  glue  on  the  flat  area,  that  the  area  is  1 
inch  wide  and  4  inches  long,  and  that  we  have 
applied  the  adhesive  evenly  over  the  entire 
area.  We  now  can  turn  this  piece  upside  down, 
sideways,  or  endwise,  but  the  adhesive  will  not 
nm  all  over  the  surface.  Now  let  us  put  this 
same  amount  of  adhesive  on  exactly  half  the 
area,  which  is  what  is  happening  in  the  normal 
application  of  adhesive.  We  are  covering  half 
the  area  with  the  same  amount  of  adhesive  so 
naturally  some  of  the  adhesive  is  going  to  run. 

Assembly  of  Cases  Using  a  Mortise  and 
Tenon  Joint 

In  the  past,  assembly  of  case  goods  has  de¬ 
manded  what  we  have  called  a  "knock-up” 
man.  This  man  takes  up  the  end  of  the  case, 
applies  the  adhesive  and  then  proceeds  to  drive 
in  the  tenons  with  a  rubber  hammer.  In  some 
cases,  considerable  driving  has  to  be  done,  as 
it  is  impossible  to  make  perfect  fits.  In  other 
cases,  I  have  seen  these  tenons  go  in  quite 
loosely  so  that  the  operator  has  trouble  with 
them  falling  out  in  handling  the  case  to  the 
clamp.  Al^  I  have  even  seen  them  so  tight 
that  they  have  split  the  rail.  The  normal  pro¬ 
cedure  from  this  point  on  is  for  the  case  clamp 
man  to  place  this  assembled  case  in  the  case 
clamp,  cldse  his  clamp,  and,  due  to  the  fact 
that  his  glue  does  not  set  immediately,  he  in 
most  cases  has  to  nail  the  joint  so  as  to  hold  it 
until  the  glue  has  had  time  to  set.  Naturally, 
this  nail  does  not  hold  the  case  as  rigid  and 
firm  as  the  glue  would  hold  it  and  if  the  case 
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Fig.  3. — ^Normal  mortise  and  tenon. 

gets  a  severe  jar  or  bump  immediately  upon  be¬ 
ing  removed  from  the  clamp,  it  may  be 
knocked  out  of  square  and  cause  trouble  later 
when  one  attempts  to  fit  the  drawers. 

Fig.  3  shows  a  drawing  of  a  normal  mortise 
and  tenon  joint,  while  Fig.  4  shows  a  drawing 
of  a  compressed  tenon  and  its  mating  mortise, 
showing  the  differences  in  size.  Note  that  the 
square  tenon  is  Yg  inch  shorter.  Note*  also  the 
rounded  end  on  the  compressed  tenon  for  easy 
entrance,  which  in  the  following  set  up  is  a 
very  important  factor.  We  have  taken  for  an 
example  the  common  ^-inch  square  mortise 
and  tenon  joint.  In  normal  fashion,  the  tenon 
is  run  on  a  double  end  tenoner  from  ^-inch 
stock,  giving  a  shoulder  with  a  %-inch  tenon, 
inch  square.  The  hollow  chisel  is  ^  inch, 
giving  a  %-inch  mortise.  The  normal  set-up 
on  this  is  to  cut  the  mortise  depth  as  deep  as 
possible,  depending  upon  |he  thickness  of  the 
end.  But  in  all  cases,  there  is  an  accumulation 
of  chips  in  the  comer  where  the  chisel  does 
not  go  quite  so  deep  as  the  bit.  Naturally  it 
is  necessary  to  cut  the  tenon  enough  shorter  to 
allow  for  this.  If  the  tenons  are  too  long,  the 


chips  in  the  bottom  prevent  them  from  fitting 
tightly  and  there  will  be  trouble. 

We  have  found  from  experience  that  with 
the  compressed  tenon  we  can  run  a  tenon  a 
full  eighth  of  an  inch  longer  than  we  could 
with  the  normal  setup.  This  rounded  end  on 
the  tenon  will  go  down  into  the  rounded  drill 
hole  and  will  fit  tightly  when  the  moisture  of 
the  adhesive  is  absorbed. 

With  the  compressed  tenon  and  the  draw 
clamp,  we  work  with  an  entirely  different  pro¬ 
cedure.  We  have  racks  fitted  into  the  case 
clamp  to  receive  the  tenoned  pieces.  If  the 
dust  bottom  assemblies  are  made  up  first,  then 
the  complete  asseinbly  is  put  in.  If  no  dust 
bottoms  are  used,  individual  rails  are  put  in 
position  in  the  jig.  The  glue  is  then  applied  to 
the  two  assembled  ends  in  a  normal  fashion. 
The  ends  are  slipped  into  the  case  clamp  and 
the  clamp  is  closed.  The  operator  then  puts  the 
glue  into  the  mortise  in  the  ends  of  his  next 
assembly  and  assembles  his  rails  ready  to  be 
put  into  the  clamp.  This  process  usually  occu¬ 
pies  anywhere  from  30  to  60  seconds,  which  is 
time  enough  for  the  water  in  the  adhesive  to 
start  the  swelling  action  of  the  tenons.  The 
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operator  can  then  remove  his  case  from  the 
clamp  without  any  nailing.  The  case  has  been 
found  to  be  very  firm  and  rigid  at  this  point, 
and,  as  you  can  see,  we  have  entirely  eliminated 
a  "knockup"  man.  We  have  entirely  eliminated 
the  possibility  of  split  rails.  The  fits  are  bound 
to  be  perfect  and  one  thing  that  is  quite  im¬ 
portant,  due  to  the  glue  spread  applicator  pre¬ 
viously  mentioned,  we  do  not  have  an  excessive 
amount  of  glue  to  be  cleaned  up  at  a  later  date. 

I  want  to  emphasize  again  that  it  is  the 
roimded  ends  on  the  tenons  that  make  possible 
the  assembly  of  the  case  in  the  case  clamp. 

One  thing  that  I  have  not  mentioned  at  all 
but  which  is  a  very  important  factor  is  the 
increased  strength  of  the  joint.  Table  1  shows 

Table  1. — Comparison  Between  Strength  of 
Standard  Tenon  and  Compressed 
Tenon  Joints 

Standard  Tenon  Compressed  Tenon 


Specimen 

Total 

Wood 

Specimen 

Total 

Wood 

No. 

failure 

failure 

Percent 

No. 

failure 

failure 

Percent 

1 

18 

50 

101 

50 

65 

2 

4 

20 

102 

31 

60 

3 

61 

70 

103 

96 

100 

4 

6 

26 

104 

87 

100 

5 

9 

30 

106 

42 

66 

6 

33 

60 

106 

188 

100> 

7 

22 

60 

107 

81 

100 

Av . 21 

'Tension  failure. 

46 

Av . 

..  81 

84 
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the  results  of  a  test  run  at  the  American  Fur¬ 
niture  Company.  The  mortise  end  was  sus¬ 
pended  flat  with  the  tenoned  rail  extending 
down  10  inches.  A  100-pound  weight  was 
attached  at  the  bottom  of  the  rail  and  allowed 
to  swing  in  a  l6-inch  arc.  The  figures  shown 
are  the  number  of  complete  swings  before  the 
joint  failed. 

Note  that  the  strength  of  the  poorest  ex¬ 
panded  joint  was  almost  as  high  as  that  of  the 
best  normal  joint  and  that  some  of  the  ex¬ 
panded  joints  showed  complete  wood  failure. 

Summary 

In  summary  it  can  be  said  that  the  drawei 
machine  eliminates  one  handling  by  using  hop¬ 
per  feed  glue  applicator;  eliminates  glue 
cleanup  job  on  interior  of  drawers;  by  two 
step  clamping  less  pieces  are  handled  at  one 
time;  and  there  is  assurance  of  square  drawers. 

Handling  the  adhesive  as  described  assures 
even  spread,  no  excess  glue,  no  running  and 
no  dripping  when  assembly  is  turned  over,  no 
cleanup  job  afterwards,  and  saving  of  glue. 

Case  assembly  as  described  eliminates  a 
"knockup"  man,  eliminates  nails,  gives  a  longer 
tenon,  and  a  stronger  joint. 
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Supplementing  Wood  With  Metal  in  Furniture 

Manufacturing 

John  H.  Gividen 

Executive  Vice  Presittent,  Dunbar  Furniture  Manufacturing  Co.,  Berne,  Indiana 

DUupation  of  the  wood  supply,  new  methods  of  f^uin^,  shortage  of  hand  craftsmanship,  and  the  cost, 
size  and  type  of  new  houses  have  tor  some  time  been  dircctuig  the  attention  of  many  furniture  manufaaurers 
toward  ways  and  means  to  use  other  materials  to  replace  or  sup^ement  wood. 


Introduction 

HEN  we  look  back  over  the  past,  we 
are  brought  face  to  face  with  products 
whose  design,  desirability,  and  price 
have  been  influenced  by  the  use  of  one  mate¬ 
rial  as  a  substituti^  for  another  or  used  in  con¬ 
junction  with  another.  Sometimes,  the  replac¬ 
ing  material  has  been  better  than  that  which  it 
has  replaced;  other  times  it  has  not  been  so 
satisfactory  but  has  been  used  because  of  avail¬ 
ability  and  cost.  More  often  than  not,  the  pro¬ 
posed  replacement  material  finally  has  been 
perfected  to  the  point  of  serving  as  a  supple¬ 
mental  material. 

Take,  for  instance,  rubber.  Observe  how  that 
industry  has  progressed  down  through  a  long 
period  when  only  natural  rubber  was  available. 
We  have  seen  costs  and  availability  influenced 
drastically  when  there  was  no  substitute.  When 
synthetic  rubber  was  introduced  a  few  years 
ago,  however,  the  whole  picture  changed,  and 
rubber  is  becoming  very  much  more  satisfactory 
and  cheaper  for  the  manufacturer  and  user  of 
rubber  products.  It  is  this  competitive  influence 
that  is  bringing  rubber  into  use  in  the  furniture 
field  where  it  is  becoming  more  and  more 
acceptable. 

In  furniture  manufacturing,  we  are  coming 
face  to  face  with  this  same  problem  as  concerns 
the  use  of  wood.  As  time  goes  by,  wood  is  be¬ 
coming  scarcer,  particularly  the  higher  grades. 
Just  now,  a  vast  program  is  under  considera¬ 
tion  to  bring  about  the  use  of  low  grade  woods 
for  various  purposes  in  the  wood  working  in¬ 
dustry.  The  lack  of  hand  craftsmanship  is  a 
problem  now  and  will  be  more  so  from  year  to 
year.  Do  not  overlook  this  last  statement. 


Examples  of  Metal  Used  With  Wood  in 
Airplanes  and  Motor  Cars 

During  the  war,  we  saw  the  Army  turn  to 
wood  for  the  manufacture  of  certain  airplanes 
because  steel  and  aluminum  had  become  scarce; 
but  juit  as  soon  as  the  metals  became  more 
plentiful  than  wood  we  saw  them  switch  right 
back  to  metal,  even  though  a  great  many  of  the 
users  of  airplanes  were  very  much  more  in 
favor  of  wood. 

During  World  War  II,  we  dissipated  our 
supply  of  fine  woods  to  the  point  that  furniture 
manufacturers  today  are  faced  with  a  diflicult 
problem  indeed  to  secure  enough  of  the  mate¬ 
rial  to  make  the  kind  of  furniture  that  they 
would  like  to  make  and  stay  within  a  reason¬ 
able  cost.  A  great  many  furniture  manufac¬ 
turers  have  learned  through  their  war  experi¬ 
ence  that  they  can  use  metal  to  reinforce  cer¬ 
tain  pieces  of  wood  and  cut  down  the  size  of 
the  piece  of  wood  which  they  would  otherwise 
use.  This  was  learned  in  airplane  manufactur¬ 
ing  and  it  is  also  being  copied  in  station  wagon 
body  manufacturing  today.  Most  of  the  lead¬ 
ing  motor  companies  are  bringing  out  a  station 
wagon  body  that  is  made  of  a  coiifl>ination  of 
metal  and  wood,  and  it  is  a  very  satisfactory 
product. 

In  1946  the  writer  supervised  the  manufac¬ 
turing  of  a  combination  wood-and-metal  station 
wagon  body.  The  roof,  which  had  formerly 
been  fabric  and  wood  and  which  decayed 
quickly,  was  made  of  metal.  The  panels  were 
made  of  wood  glued  to  metal,  and  the  frame¬ 
work  was  made  of  wood  and  reinforced  with 
metal.  The  floor  was  part  wood  and  part  metal. 
The  test  drive  of  this  car  proved  conclusively 
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that  it  was  one  of  the  best  station  wagon 
bodies  that  had  ever  been  manufactui;ed.  The 
writer  personally  drove  this  station  wagon 
6,000  miles  and  it  was,  afterwards  driven 
15,000  miles  tinder  test  by  a  factory  teSt  driver. 
Many  of  the  automobile  distributors  on  the 
East  G}ast  said  it  was  one  of  the  most  com¬ 
fortable,  noiseless  cars  they  had  ever  used,  and 
it  stood  up  untjer  a  wide  variety  of  rigid  tests. 
As  a  consequence  of  this,  one  of  the  big  three 
of  the  motor  companies  is  now  introducing  a 
station  wagon  body  manufactured  by  following 
many  of  the  practices  that  were  established  in 
1946  in  this  station  wagon  body. 

Influence  of  Glues  and  Electronic  Curing 

The  making  of  wood-and-metal  combina¬ 
tions  has  been  made  more  practical  by  the  in¬ 
troduction  of  resin  glues  during  the  last  quar¬ 
ter  of  a  century^  JNow  it  is  a  comparatively  easy 
process  to  join  metal  to  wood  with  glue  and 
have  a  good,  strong  joint  that  will  not  separate 
with  the  introduction  of  heat,  moisture,  vibra¬ 
tion  or  other  joint  destroying  factors.  Elec¬ 
tronic  gluing  is  being  more  widely  used. 

In  1944,  the  writer  made  a  written  report  to 
a  large  corporation  with  the  prediction  that 
within  less  than  5  years  gluing  of  wood  to 
wood  and  wood  to  metal  by  the  electronic  cur¬ 
ing  process  would  have  passed  the  primary  ex¬ 
perimental  stage  and  would  be  going  forward 
toward  the  perfection  stage. 

Specific  Examples  in  Furniture 
Manufacturing 

Getting  down  to  specific  cases  or  how  it  is 
possible  to  use  metal  in  furniture  without  get¬ 
ting  away  from  the  wood  feeling  which  all  of 
us  like  in  furniture,  we  will  take  a  few  ex¬ 
amples  and  point  out  specifically  how  we  can 
proceed.  For  instance,  consider  a  table  desk 
made  with  a  cantilever  top.  Where  this  top 
hangs  over  the  support,  it  has  a  tendency  to 
droop.  In  order  to  prevent  this,  it  has  bera  a 
practice  with  the  factory  to  inlay  a  piece  of 
metal  ^  inch  thick  and  ^  inch  wide  into  the 
edge  of  the  core  and  screw  it  fast  to  the  end  of 
the  top.  Right  over  this  metal  is  glued  a  piece 
of  veneer  or  a  strip  of  light  wood.  The  droop¬ 
ing  is  immediately  overcome  and  the  top  is 
very  rigid,  while  the  appearance  is  not  at  all 
impaired.  ^ 


In  another  case  where  a  very  narrow  rail  was 
needed  for  appearance  sake,  there  was  nothing 
to  which  the  legs  could  be  doweled  and  make 
a  substantial  piece  of  furniture.  A  piece  of 
angle  iron  was  welded  to  the  shape  of  the  base 
of  this  table,  the  rim  was  screwed  from  the 
inside  to  the  metal  and  likewise  the  legs  were 
anchored  to  it  with  an  angle  extending  down 
the  leg  and  inlaid  into  it.  A  piece  of  wood  was 
glued  over  the  metal,  thereby  hiding  the  metal 
reinforcement.  The  upper  end  of  the  angle  was 
welded  to  the  metal  frame.  As  a  consequence, 
a  very  rigid  frame  was  formed  and,  although 
it  didn’t  look  like  there  was  very  much  to  hold 
it,,  it  was  more  rigid  than  a  wood  rail  two  or 
three  times  as  wide  doweled  to  the  legs  and 
with  no  reinforcement. 

On  many  upholstered  pieces  where  a  very 
narrow  base  is  required  for  appearance  sake, 
such  as  many  of  the  modern  pieces  that  arc 
made  today,  the  rail  can  be  reinforced  with 
metal  at  the  back  and  to  this  metal,  a  spring 
unit  can  be  attached.  There  will  be  no  exposed 
metal  in  use  but  the  piece  will  be  very  rigid, 
in  fact,  much  more  rigid  than  if  made  entirely 
of  wood.  The  saving  will  be  considerable  be¬ 
cause  the  metal  will  be  much  cheaper  than  the 
wood  and  also  stronger. 

A  medium-sized  draw-end  coffee  table  is 
now  being  made  with  very  small  metal- rein¬ 
forced  wood  slides.  Small  wood  bed  rails  can 
be  made  with  metal  reinforcements  that  will 
also  serve  to  support  the  box  springs.  Book 
shelves  with  inconspicuous  metal  supports  are 
being  widely  used. 

We  have  found  in  recent  years  that  the 
matter  of  placing  a  dust  panel  under  each 
drawer  in  a  wood  case  is  a  sheer  waste  of  mate¬ 
rial  and  labor.  Many  manufacturers  today  are 
getting  away  from  this  practice.  As  a  conse¬ 
quence  center  guide  drawers  cannot  be  used, 
but  drawers  have  to  be  supported  on  the  sides. 
Wood  slides  are  not  sufficiently  satisfactory 
and  all  metal  slides  are  too  noisy,  so  a  combi¬ 
nation  of  metal  and  wood  slides  are  applied. 

In  the  matter  of  fastening  on  panels,  such  as 
certain  case  backs  or  panels  that  would  need  to 
be  removed  from  time  to  time  to  make  certain 
adjustments,  the  old  practice  of  screwing  these 
on  with  wood  screws  is  becoming  obsolete. 
Friction  socket  pins  are  going  to  be  used  more 
and  more^-as  these' can  easily  be  removed  with 


116 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


X  pair  of  pliers  or  by  giving  them  a  flip  with 
rhe  screw  driver.  Without  much  question,  this 
type  of  ‘  pin  will-  be  used  extensively  in  the 
future  instead  of  so  many  wood  screws  that 
ooner  or  later  come  loose  or  are  so  tedious 
.ind  hard  to  remove.  Also  when  screws  are  in¬ 
serted  crooked,  they  present  a  very  unsatisfac¬ 
tory  appearance  and  are  costly.  The  socket  in¬ 
stallation  can  be  made  very  much  cheaper  than 
rhe  wood  screws  and  will  serve  the  purpose 
better. 

Experiments  are  being  conducted  today  to 
develop  certain  wood  supports  for  chairs  to  be 
made  of  molded  plywood  and  held  together 
with  metal  tubing  and  screws.  It  will  then  be 
possible  to  manufacture  the  chairs,  ship  them 
in  a  knocked  down  form  and  subsequently  put 
them  together  with  nothing  more  than  a  pair 
of  pliers  ^d  a  wrench.  These  chairs  will  be 
comparatively  light  because  the  -rods  and  pipe 
will  be  made  of  aluminum  alloy.  The  plywood 
frame  will  be  much  smaller  than  those  made  of 
solid  wood  and  the  appearance  will  conform 
much  better  to  the  modern  houses  that  are 
being  built  today.  It  is  expected  that  there  will 
be  little  or  no  breakage. 

Objections  Removed  or  Lessened 

Future  objection  to  the  use  of  metal  is  going 
to  be  lessened  because  we  are  using  more  and 
more  in  the  construction  of  the  home.  Take  for 
instance,  radiant  heating  that  is  being  put 
through  metal  baseboards  and  necessitates  the 
using  of  this  type  of  a  board  instead  of  the 
typical  wood  baseboard  in  a  house.  People  will 
object  no  more  to  a  little  bit  of  metal  in  their 
furniture  even  where  it  is  visible  than  they  do 
to  certain  structural  parts  of  the  house.  For 
other  examples,  look  what  has  happened  in  the 
kitchen,  breakfast  room,  sun  porch,  and  recrea¬ 
tion  room  furniture. 

Suggestions  to  Furniture  Manufacturers 

It  behooves  every  manufacturer  of  wood  fur¬ 
niture  today  to  keep  before  him  constantly  the 
mental  picture  of  the  piece  going  on  the  de¬ 
signer’s  table  and  keep  the  picture  there  until 
the  sample  is  ready  in  the  shipping  room.  He 
should  determine  at  what  point  he  might  intro¬ 
duce  a  little  metal, to  reduce  the  amount  of 
wood  he  is  using,  make  a  better  piece  of  fur¬ 
niture,  or  make  it  cheaper.  You  may  have  noted 


in  one  of  the  national  magazines  a  plan  to 
manufacture  aluminum  wire  in  almost  unlim¬ 
ited  quantities.  If  we  can  manufacture  wire, 
we  can  nunufacture  rods  of  any  size,  angles, 
channels,  and  any  other  forms  that  might  be 
applicable  to  the  making  of  furniture. 

Why  not  make  a  table  of  a  combination  of 
wood,  glass  and  aluminum.^  Why  not  make  a 
table,  the  top  of  which  cannot  be  damaged  by 
being  exposed  to  alcoholic  beverages  and  sol¬ 
vents  and  yet  will  have  the  advantage  of  wood 
as  well  as  metal?  The  aluminum  part  will  be 
strong  and  can  be  finished  in  any  color  desired. 
The  finish  can  be  baked  on  to  the  part  where 
it  can  not  be  easily  chipped  of  it  can  remain 
in  a  natural  state,  be  antique  or  finished  in 
most  any  finish  that  would  suit  the  customer’s 
fancy.  'There  is  a  vast  field  for  the  promotion 
of  this  type  of  construction  and  it  is  going  to 
be  pioneered  and  promoted  extensively  during 
the  next  few  years.  Each  wide  awake  manufac¬ 
turer  should  alert  his  organization  to  what  he 
may  be  compelled  to  do  either  from  a  cost 
angle  or  lack  of  wood  raw  material  during  the 
next  few  years. 

Summary 

'There  is  a  lot  of  wood  available — its  replace¬ 
ment  is  very  vast  indeed — but  the  grades  are 
becoming  lower  and  lower.  It  is  going  to  be 
more  and  more  difficult  to  make  a  suitable 
product  entirely  of  wood  without  increasing  the 
cost  to  the  point  where  too  few  people  will 
buy  it. 

Like  every  other  worthwhile  project  to  be 
pioneered,  the  answers  will  not  come  easily. 
'The  wood  working  industry  has  been  old- 
fashioned  and  slow  to  introduce  new  ways  and 
means  of  doing  things.  'They  have  seen  more 
and  more  money  go  for  other  products  intro¬ 
duced  by  more  alert  manufacturers.  More  of 
this  spending  power  should  be  used  to  buy  fur¬ 
niture.  Some  supplemental  use  of  m^al  will 
tend  to  cut  production  costs,  making  it  possible 
to  reduce  prices,  and  by  so  doing,  increase 
volume  of  sales  in  furniture. 

'The  use  of  other  materials  to  supplement  the 
use  of  wood  provides  more  wood  to  use  where 
it  is  most  needed  to  preserve  the  qualities 
which  continue  to  sustain  the  demand  for  wood 
furniture. 
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Furniture  is  today  used  less  carefully  than  it 
was  by  our  ancestors.  There  are  many  con¬ 
tributing  reasons  for  this  harder  usage.  Furni¬ 
ture  of  smaller  outside  dimensions,  of  the  same 
comfort  and  more  serviceable  qualities  is  in 
demand.  Furniture  of  good  design  and  quality 
finds  an  expanded  market  if  the  price  is  rea¬ 
sonable.  Take  a  hint  from  recent  automobile 
advertising  of  a  new  model — same  size  on  out¬ 
side  but  more  room  inside. 

Surely  this  is  sufficient  evidence  to  stimulate 
some  awakening  and  progress  in  this  field.  The 
Forest  Products  Research  Society  should  not 
build  a  wood  fence  around  its  progress,  but 
instead  leave  at  least  an  open  gate  made  par¬ 
tially  of  metal. 

Discussion 

C.  D.  Dosker  (Gamble  Brothers) :  Mr. 
Gividen  has  just  stated  that  furniture  should 
be  simplified  and  more  composite  construction 
should  be  used.  His  illustration  that  metal 
should  be  used  in  unexposed  parts  in  up¬ 
holstered  furniture  takes  away  a  market  for 
low-grade  lumber.  There  is  no  shortage  of 
wood.  The  shortage  is  of  high  quality  mate¬ 
rial  and  we  need  these  uses  to  utilize  the  low- 
quality  wood.  We  also  have  a  shortage  of 
knowledge  on  how  to  use  wood  to  make  the 
most  satisfactory  furniture  without  metal.  I 
want  to  emphasize  that  we  need  to  develop  as 
many  markets  as  possible  for  low-grade  lumber. 

Carl  A.  Rjshell  (National  Lumber  Manu¬ 
facturers  Association) :  I  think  that  the  ex¬ 
change  of  ideas  which  took  place  between  Mr. 
Dosker  and  Mr.  Gividen  was  healthy.  Neither 
of  these  gentlemen  is  so  thin  skinned  that  he 
would  take  offense  at  the  remarks  of  the  other, 
but  it  was  unfortunate  that  there  was  not  more 
opportunity  for  additional  comment. 

I  suspect  that  Mr.  Gividen  intentionally  in¬ 
jected  a  controversial  issue  for  the  purpose  of 
getting  just  such  a  rise  as  he  did  out  of  Mr. 
Dosker. 

As  I  understand  Mr.  Gividen’s  paper,  he 
submitted  two  reasons  why  furniture  manufac¬ 
turers  should  combine  metal  and  wood  in  their 
products. 

1.  That  through  such  combinations  a 
stronger  and  more  satisfactory  product 
can  be  made. 


2.  That  by  combinations  of  wood  and  metal 
the  resultant  increases  in  strength  will 
permit  the  reduction  of  the  amount  of 
wood  used  in  an  assembly  and  thereby 
conserve  wood. 

I  heartily  agree  with  Mr.  Gividen  that  com¬ 
posite  construction  is  desirable  and  should  be 
encouraged.  Anything  that  we  can  do  to  im¬ 
prove  the  quality  of  wood  as  a  basic  raw  mate¬ 
rial  in  the  manufacture  of  products  is  correct 
procedure. 

There  are  many  illustrations  that  could  be 
used.  I  believe  Mr.  Gividen  mentioned  the 
steel-wood  construction  of  the  present  station 
wagon  body.  I  wish  that  more  wood  could 
have  been  used  because  many  of  the  station 
wagon  bodies  are  to  all  intents  and  purposes 
of  all  steel  construction.  The  wood  used  is  for 
decorative  purposes  only.  I  might  say  in  this 
connection  that  our  wood  people  have  no  right 
to  complain  of  this  loss  of  market.  It  isn't  the 
present  body  with  the  minimum  of  wood  in  it 
that  has  sold  the  new  type,  but  it  is  the  all¬ 
wood  body  that  was  so  poorly  constructed  that 
it  came  close  to  unselling  everyone  familiar 
with  its  weaknesses.  Only  a  year  or  so  ago 
wood  had  no  competitor  for  this  market.  With 
a  slight  amount  of  intelligent  development  of 
new  and  more  durable  designs,  the  wood  in¬ 
dustry  could  have  retained  tibis  market  prob¬ 
ably  forever.  Now  it  is  gone  forever. 

Had  Mr.  Gividen  confined  his  remarks  to 
this  line  of  reasoning  and  extended  them  to 
other  products  as  well  as  furniture,  he/  would 
have  presented  the  lumber  manufacturer  and 
the  wood  user  with  constructive  thoughts  that 
might  have  caused  some  of  them  to  improve 
their  products.  Even  one  or  two  influential 
firms  led  in  the  right  direction  can  in  the  end 
result  in  influencing  for  the  better  a  large 
section  of  the  industry. 

I  believe  that  Mr.  Dosker’s  principal  criti¬ 
cism  did  not  pertain  to  composite  construction 
when  it  is  used  for  the  purpose  of  improving 
a  wood  product.  Mr.  Dosker’ s!  own  firm  util¬ 
izes  composite  construction  to  the  fullest 
extent. 

Without  getting  into  the  controversial  sub¬ 
ject  as  to  whether  "forest  growth”  and  "drain” 
are*  in  equilibrium,  and  as  I  view  the  matter 
it  is  immaterial  to  this  argument  whether  it  is 
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or  not,  I  believe  we  can  definitely  prove  that 
the  proper  way  to  attain  conservation  is  not  to 
limit  the  use  of  wood  in  fabricated  products. 

It  is  true  that  as  the  old,  overripe  virgin 
timber  is  less  plentiful,  it  is  being  replaced  i^y 
second  growth  timber  of  good  quality.  I  thiiK 
it  is  logical  to  expect  that  extremely  wide 
boards,  such  as  are  found  in  the  grade  of  panel 
poplar,  cannot  be  obtained  from  this  timber. 
As  a  matter  of  fact,  we  don’t  needi  these  ex¬ 
tremely  wide  boards.  With  modem  glues  and 
modern  gluing  technique,  we  can  make  a  much 
more  satisfactory  panel  today  out  of  a  number 
of  boards  than  we  could  out  of  a  single  wide 
board  as  was  the  practice  a  few  years  ago. 

Finally,  conservation  to  the  fullest  extent 
can  only  be  attained  through  continuous  and 
larger  use  of  forest  products,  particularly  the 
lower  grades  of  material. 

Mr.  Gividen:  The  use  of  metal  in  conjunc¬ 
tion  with  wood  as  outlined,  will  not  lessen  the 
use  of  wood  but  rather  will  increase  it.  As 
stated  in  this  article,  a  great  many  places,  wood 
has  been  turned  down  entirely  in  favor  of 
metal  because  the  wood  manufacturer  did  not 
see  fit  to  use  metal  to  supplement  constmc- 
tion  in  order  to  maintain  appearance  and  at 
the  same  tinae  insure  enough  strength.  'The  ex¬ 
ample  of  the  desk  and  the  coffee  table  where 
the  strength  necessarily  could  not  be  accom¬ 
plished  by  the  use  of  wood  only  but  by  the 
use  of  a  small  amount  of  metal,  a  much  better 
item  was  produced.  They  would  have  been 
thrown  entirely  out  of  the  line  if  we  had  tried 
to  continue  to  manufacture  them  entirely  of 
wood,  whereas  the  use  of  an  insignificant 
amount  of  metal  accomplished  and  produced  a 
great  amount  of  furniture  that  would  never 
have  been  sold  at  all  except  for  the  supple¬ 
mental  use  of  the  metal. 

The  fact  that  we  have  plenty  of  low  grade 
wood  to  make  upholstered  frames  is  entirely 
beside  the  point  because  in  the  reference  made 
to  upholstered  furniture  the  wood  that  had  to 
be  strengthened  by  metal  was  an  exposed  wood 
of  a  high  grade  quality  and  not  an  unexposed 
wood  of  a  low  grade  but  under  no  condition 
could  wood  alone  be  used  without  an  un¬ 
acceptable  design  change. 

A  study  of  my  whole  article  will  divulge 
the  fact  that  at  no  time  do  I  advocate  to  use 
less  wood  but  only  to  supplement  high  grade 


wood  with  small  amounts  of  metal  in  order  to 
increase  the  acceptance  and  sale  of  the  wood 
furniture.  The  wood  manufacturers  have  re¬ 
tarded  their  sales  by  refusing  to  use  small 
amounts  of  material  to  supplement  wood  to 
produce  a  better  article.  The  reference  to  the 
station  wagon  is  one  of  the  best  illustrations. 
If  the  manufacturers  20  years  ago  had  used 
some  more  metal  in  their  station  wagohs'and 
eliminated  the  objectionable  parts  that  were 
made  of  wood  and  fabric,  they  could  today  be 
still  enjoying  a  remarkable  market  in  station 
wagon  bodies  made  with  considerable  more 
wood  in  them  than  is  considered  acceptable  at 
the  present  time.  Instead  of  doing  this,  they 
were  not  alert  or  else  opposed  the  idea  and 
their  market  for  wood  station  wagon  bodies  is 
rapidly  disappearing.  You  can  see  this  in  other 
items  other  than  automobiles,  and  we  are  on 
the  same  road  in  furniture  making  unless  we 
do  make  furniture  which  is  lighter  in  weight 
by  using  wood  and  strengthening  it  so  it 
doesn’t  have  to  be  too  bulky.  If  we  hold  off  too 
long,  much  furniture  will  be  made  as  a  part  of 
the  house  and  is  likely  to  have  but  very  little 
cabinet  wood  in  it.  It  will  be  made  in  such  a 
way  that  the  only  wood  that  will  be  used  will 
be  the  same  type  of  wood  that  is  used  in  the 
ordinary  trim  of  the  house.  To  counteract  this 
tendency,  make  some  furniture  of  cabinet  wood 
of  sufficient  dimensions  from  design  and 
strengthened  at  the  vital  points  so  it  will  not 
be  so  bulky  and  so  expensive  and  will  have 
style  appeal  that  does  not  exist  in  bulky  wood 
or  built-in  furniture. 

People  still  want  wood  furniture,  particu¬ 
larly  in  the  higher  grades  but  they  don’t  want 
furniture  made  out  of  inferior  wood  which 
causes  them  trouble  or  looks  cheap  and  before 
they  will  accept  it,  they  are  going  to  do  some¬ 
thing  else.  Use  wood  of  sufficient  quality  and 
dimension  for  the  exposed  parts,  supplement 
for  strength  by  the  use  of  a  little  metal,  make 
the  interiors  out  of  the  cheaper  wood  and  then 
we  will  have  a  composite  construction  that  in 
the  overall  picture  will  use  up  much  more  wood 
in  furniture  for  the  simple  reason  that  much 
more  furniture  will  be  bought.  If  we  don’t  do 
this,  we  are  going  to  use  less  wood  in  furni¬ 
ture  just  as  it  is  happening  in  station  wagons, 
simply  because  people  will  not  buy  furniture 
of  fine  wood  that  is  not  strong  enough  to 
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stand  up;  neither  will  they  buy  it  out  of  cheap 
looking  wood  or  wood  that  is  of  insufficient 
strength  to  withstand  usage.  Rather  than  do 
this,  they  will  pursue  other  courses  as  hereto¬ 
fore  outlined  and  we  will  lose  more  and  more 
wood  furniture  sales. 

All  we  have  to  do  to  substantiate  these  facts 
is  just  to  lode  over  the  building,  machinery, 
airplane,  railroad,  and  appliance  industries  and 
now  furniture.  You  see  an  unmistakable  drift 
detrimental  to  our  industry.  Wood  furniture 
still  has  the  advantage  and  if  we  wake  up  to 
what  still  can  be  done,  we  people  who  are 
making  furniture  and  particularly  modern  fur¬ 
niture  will  be  enjoying  a  wood  furniture  busi¬ 
ness  for  years  to  come  if  we  will  only  be  sen¬ 
sible  and  progressive  enough  to  make  it  along 
the  lines  that  have  been  outlined. 

Certainly,  this  is  ar  controversial  subject;  it 
always  has  been  and  will  remain  so  because 
there  is  so  much  room  for  progress.  We  do 
not  progress  when  we  try  to  defend  a  position 
that  is  taken  because  of  precedent  or  tradition. 
Individuals  or  business  are  retarded  or  fail  be¬ 
cause  of  refusing  to  recogniae  unmistakable 
trends. 

I  have  been  in  the  wood  working  industry 
for  more  than  45  years  and  I  can  see  the 


handwriting  on  the  wall  and  am  doing  my  very 
best  to  awaken  some  of  our  most  interested 
people  in  this  subject  in  order  to  prevent  us 
from  losing  more  ground.  Just  look  what  hap¬ 
pened  to  the  Wood  Transport  Plane  during 
World  War  II.  According  to  reports,  the  wood 
transport  plane  was  thrown  out  because  of  one 
accident  that  happened  and  all  because'  the  en¬ 
gineering  of  the  connection  between  the  wing 
and  the  fuselage  was  not  properly  done.  It  was 
not  the  fault  of  the  wood  parts  at  all,  it  was 
the  fault  of  the  joinery.  This  joinery  was  made 
in  such  a  way  that  the  whole  fault  was  laid  at 
the  door  of  the  wood  plane  because  there  were 
certain  prejudices.  If  the  wood  engineers  had 
insisted  that  the  proper  metal  connection  be 
made,  the  accident  would  not  have  happened 
and  wood  would  not  have  received  another 
demerit  mark. 

Most  people  appreciate  fine  wood  items  but 
don’t  want  them  joined  with  wooden  pegs  or 
reinforced  with  clumsy  pieces  of  wood,  nor  do 
they  want  the  sleek,  acceptable  lines  of  the  de¬ 
sign  ruined  by  the  clumsy  wood  joinery  be¬ 
cause  a  lot  of  people  are  not  modem  enough 
to  use  a  better  material  for  joinery  and  re¬ 
inforcing. 
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EflFect  of  Extending  Hot  Press  Urea  Resin  With 
Different  Types  of  Wheat  and  Rye  Flour  on 
the  Strength  and  Water  Resistan^ce 
of  the  Glue  Joints 

Leonard  A.  Ropella 

Technical  Department,  Roddis  Plywood  Corporation,  Marshfield,  Wisconsin 


Glue  tcttt  were  made  to  determine  the  suitabili^  of  various  flours  as  extenders  for  urea  resin  glues.  There 
are  many  satisfaaory  flour  types  that  will  meet  mixing  and  stren^h  standards.  The  soft  wheat  flours  are  easily 
mixed  and  do  not  require  much  water.  The  viscosity  of  the  mix  adapts  itself  to  a  good  spread.  The  shear 
strengths  of  glue  joints  are  fair.  The  hard  wheat  flours  are  more  difficult  to  mht  beoiuse  thev  require  more 
water  and  the'r  viscosity  is  more  difficult  to  control.  Their  glue-joint  shear  strengths  are  fairly  high  and  in 
tome  cases  their  water  resistance  is  qood.  The  Durum  flours  require  considerable  water  but  the  strength  values 
of  glue  joints  are  good.  The  viscosities  of  the  mixes  are  quite  high.  Of  the  rye  flours,  the  white  rye  showed 
good  mixing  properties  and  good  strength  values.  The  dark  rye  is  very  difficult  to  misc  beyond  25  percent  flour 
extension. 


Introduction 

OST  users  of  urea  resin  in  the  wood¬ 
working  industries  use  some  flour  ex¬ 
tension  in  their  resin.  This  has  been  a 
common  practice  for  some  time.  The  purpose 
of  extenders  is  usually  to  decrease  glue  line 
costs.  Despite  the  fact  that  large  quantities  of 
flour  are  used  for  this  purpose,  there  has  been 
little  work  done  to  determine  the  best  flour  to 
use.  There  have  been  many  opinions  voiced  as 
to  the  relative  merits  of  the  different  types  of 
flour.  In  many  instances  users  purchase  the 
cheapest  flour  available  and  in  other  cases  they 
merely  purchase  the  first  flour  that  comes  to 
hand. 

We  have  been  confronted  with  this  problem 
along  with  the  other  users  of  urea  resin.  How¬ 
ever,  during  the  war  years  when  supplies  were 
uncertain,  very  little  was  done  to  solve  it. 
Shortly  after  the  end  of  the  war,  we  began  pre¬ 
liminary  tests  on  various  types  of  flours.  It  was 
difficult  to  secure  information  concerning  the 
quality  of  many  of  the  flours,  but  we  continued 
our  efforts  and  feel  that  we  can  report  results 
of  value. 

All  of  our  completed  tests  are  short  term 
tests.  The  results  on  the  high  humidity  expo¬ 
sure  and  weathering  tests  are  not  complete  so 
they  will  not  be  mentioned  here. 


Materials 

Types  of  Flour  Used 

To  run  these  tests  we  have  used  several  dif¬ 
ferent  types  of  flour.  We  dealt  mostly  with 
wheat  flours;  however,  we  did  use  some  of  the 
rye  flours  and  will  include  some  of  the  test 
results. 

The  types  of  flour  used  were  as  follows: 
Hard  Winter,  Second  Clear;  Hard  Winter, 
Straight  Grade;  Hard  Winter,  between  Straight 
and  Clear;  Hard  Winter,  Clear;  Soft  Winter, 
Cut-Off;  Soft  Winter,  Straight  Grade;  Soft 
Winter,  Clear;  Durum  Wheat  Product;  White 
Rye;  Dark  Rye. 

All  of  these  flours  have  been  used  in  various 
amounts  for  extending  resins.  The  extractions 
beyond  second  clear  are  not  very  suitable  for 
extension  because  of  their  high  ash  and  protein 
content  and  the  amount  of  water  required  in 
the  mix. 

Flour  Characteristics 

The  following  flour  characteristics  are  impor¬ 
tant  in  formulating  resin  mixes:  1.  bleaching, 
2.  granulation,  3.  protein  content,  4.  ash  con¬ 
tent,  5.  moisture  content,  6.  phosphate  presence, 
7.  viscosity. 
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The  influence  of  these  characteristics  can  be 
summarized  as  follows; 

1.  Bleaching 

Flour  that  is  unbleached  seems  to  work 
better  than  bleached  flour.  Bleaching  of  flour 
decreases  pot  life  of  the  resin  and  increases 
viscosity. 

2.  Granulations 

Any  fine  granulated  flour  is  suitable.  Ordi¬ 
narily,  a  lOxx  granulation  is  suitable. 

3.  Protein  Content 

Protein  can  vary  from  8  to  15  percent  de¬ 
pending  on  the  amount  of  extension  desired 
and  viscosity  and  solids  content  to  be  main¬ 
tained.  The  higher  protein  flours  need  more 
water.  Hard  wheats,  durum  wheats  and  dark 
rye  flour  have  the  higher  protein  contents. 
The  soft  wheats  ordinarily  run  under  10  per¬ 
cent  protein.  When  certain  amounts  of  sol¬ 
uble  protein  are  present,  foaming  of  the  mix 
results.  This  can  be  remedied  by  using  lower 
protein  content  flour. 

4.  Ash  Content 

The  ash  content  is  a  factor  in  the  final 
viscosity  of  the  mix.  The  limits  should  be 
from  0.45  to  0.90  percent.  Soft  wheat  flours 
should  average  from  0.45  to  0.70  percent 
while  hard  wheats,  durum  wheat  and  rye 
will  run  higher. 

5.  Moisture  Content 

The  moisture  content  is  usually  12  to  14 
percent  as  milled.  If  the  moisture  content  is 
higher,  a  lumpy  mix  will  often  result. 

6.  Phosphate  Presence 

Flour  should  be  phosphate  free  to  curtail 
foaming. 

7.  Viscosity 

There  are  different  methods  used  in  deter¬ 
mining  the  viscosity  of  flour  at  various  mills. 
Some  use  the  one  hour  digestion  method 
while  others  use  the  MacMichael.  Hard 
wheats  have  a  higher  viscosity  than  the  soft 
wheats.  The  higher  viscosity  flours  ordinarily 
give  a  higher  viscosity  glue  mix.  Hard  wheat 
viscosity  should  be  about  40  to  70,  while 
soft  wheat  should  run  about  20  to  50. 

The  rye  flours  generally  are  not  so  suitable 
for  use  as  extenders  as  wheat  flours.  White  rye 


flour  is  suitable,  though  usually  quite  expen¬ 
sive.  Medium  rye  rates  below  wheat  flour  and 
dark  rye  flour  is  generally  not  suitable  because 
of  its  high  ash  and  protein  values. 

Procedure 

Test  specimens  were  taken  from  panels 
glued  with  60  different  glue  mixtures.  The 
flour  extensions  ranged  from  0  to  100  percent 
of  resin  solids,  but  the  catalyst-to- resin  ratio 
remained  constant.  The  extenders  used  were 
the  10  types  of  flour  previously  listed.  There 
were  15  different  flours  used,  but  some  of  them 
fell  in  similar  classifications.  The  resin  used 
was  a  urea-formaldehyde  type,  Cisco  5  from 
the  Borden  Company,  which  contained  70  per¬ 
cent  solid  resin  for  each  100  lb.  of  liquid  resin. 
Additional  water  was  added  to  the  mix  to  make 
it  spreadable  when  flour  was  added.  The  vis¬ 
cosity  desired  was  between  15  and  20  degrees 
MacMichael  with  a  number  20  wire.  The  solids 
content  of  the  mix  was  not  allowed  to  drop 
below  50  percent. 

The  mixes  used  were  as  follows: 


Percent 

Parts  by 

Flour 

Constituents 

Weight 

Extension 

(1)  Resin _ 

_  100 

0 

Hardener  _ 

-  3 

(2)  Resin  _ 

_  100 

25 

Hardener  - 

_  3 

Flour _ 

_  17.5 

Water _ 

_  17.5 

(3)  Resin  _ 

_  100 

50 

Hardener  _ 

-  3 

Flour _ 

-  35 

Water _ 

_  55 

(4)  Resin  _ 

_  100  -i 

75  . 

Hardener  _ 

_  3 

Flour  _ 

_  52.5 

Water _ 

-  90 

(5)  Resin  _ _ 

_  100 

.  100 

Hardener _ 

_  3 

Flour _ 

_  70 

Water _ ^ - 

-  113 

The  soft  wheat  and  the  white  rye  flours  were 
the  easiest  to  mix.  Their  viscosity  averaged  15 
degrees  MacMichael  on  the  No.  20  wire. 

The  hard  wheat  and  durum  wheat  flours 
proved  to  be  more  difficult  to  mix.  In  some 
cases  additional  water  had  to  be  added  to  bring 
the  mix  to  a  workable  viscosity.  Their  viscosity 
averaged  20  degrees  MacMichael  on  the  No. 
20  wire. 

llie  dark  rye  flour  was  very  difl&cult  to 
handle  in  the  more  highly  extended  mixes,  and 
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the  mix  was  too  heavy  to  use.  Excessive  water  The  panels  were  allowed  to  return  to  the  6  to  8 
is  needed  in  these  mixes.  The  low  extension  percent  moisture  content  before  testing, 
mix  was  satisfactory.  The  gluing  conditions  were  held  constant 

The  veneer  used  was  -^-inch  yellow  birch  of  throughout  the  tests.  The  glue  spread  averaged 

good  quality.  The  moisture  content  of  the  from  35  to  40  pounds  per  1000  square  feet  of 

veneer  was  6  to  8  percent.  The  panels  glued  single  glue  line.  The  assembly  period  between 

were  all  30  by  30  inches  in  three  ply  panels,  spreading  and  gluing  ran  from  10  to  15 


Table  l. — Avexage  Dry  Shear  Strengths  and  Percentage  of  Wood  Failure 


Percent  extension 


Type  of  Flour 

Hard  Winter  2nd  Clear _ _ _ 

Hard  Winter  Straight  Grade . . 

Hard  Winter  Between  Straight  and  Clear. 

Hard  Winter  Clear _ _ 

Soft  Winter  Cut-Off _ 

Soft  Winter  Straight  Grade _ _ 


7  Soft  Winter  Clear. 


Durum. 


Soft  Winter  Clear _ _ 

White  Rye _ _ _ 

Hard  Winter  Clear . . 

Hard  Winter  Between  Straight  and  Clear. 

Soft  Winter  Clear _ 

Durum . . . . 

Dark  Rye . . . . . . . 


Unextended  glue  mixes 


Table  2. — Average  Shear  Strengths  After  48-Hour 


Type  of  Flour 


1  Hard  Winter  2nd  Clear _ 

2  Hard  Winter  Straight  Grade _ _ 

S  Hard  Winter  Between  Straight  and  Clear. 

4  •  Hard  Winter  Clear _ 

5  Soft  Winter  Cut-Off _ _ _ 

6  Soft  Winter  Straight  Grade _ 


Soft  winter  Clear _ 

Durum _ _ _ _ 

Soft  Winter  Clear _ _ 

White  Rye _ 

Hard  Winter  Clear _ _ 

Hard  Winter  Between  Straight  and  Clear. 

Soft  Winter  Clear _ 

Durum _ _ 

Dark  Rye _ 


Unextended  glue  mixes 


Table  3. — Average  Shear  Strengths  After  3-Hour 


Typo  of  Flour 


Hard  Winter  2nd  Clear _ 

Hard  Winter  Straight  Grade.... _ 

Hard  Winter  Between  Straight  and  Clear. 


219-  5 
279-10 
224-  7 
1S2-  S 
178-  8 
169-  4 
188-  8 
208-  6 
»-  9 
;  V  8 


286-10 
838-16 
349-  7 
281-  6 
347-20 
327-21 
ITS-  2 
384-19 
416-66 
301-31 
808-26 
863-89 
303-11 
377-89 
326-26 


298-  6 
298-16 
190-  6 
288-  7 
171-18 
287-  4 
163-  6 
816-29 
213-  7 
242-  8 
247-  9 
267-26 
240-  7 
220-  9 


347-10 
296-12 
384-14 
240-  6 
370-11 
294-20 
292-22 
861-34 
226-  6 
246-27 
306-19 
282-26 
416-86 
299-28 


4  Hanl  Winter  Clear. _ _ 

6  Soft  Winter  Cut-Off _ 

6  Soft  Winter  Straight  Grade. 


Soft  Winter _ _ _ 

Durum _ _ _ _ 

Soft  Winter  Clear. . . . 

White  Rye . . 

Hard  Wmter  Clear _ _ _ 

Hard  Winter  Between  Straight  and  Clear. 

Soft  Winter  Clear . . . . 

Durum _ 

Dark  Rye _ _ _ 


Unextended  glue  mixes 


100 

76 

50 

25 

436-  9 

394-11 

405-  9 

368-16 

476-73 

518-54 

507-26 

497-44 

498-27 

413-  8 

480-72 

415-80 

363-  6 

467-40 

453-59 

439-17 

362-26 

378-13 

413-17 

502-36 

380-16 

400-  9 

406-  5 

392^ 

884-  4 

296-  4 

411-26 

311-  4 

393-62 

439-67 

476-76 

408-74 

303-69 

328-36 

363-23 

331-90 

443-28 

407-26 

296-53 

337-77 

408-49 

354-43 

472-74 

370-82 

323-33 

299-45 

249-51 

346-82 

411-41 

408-  8 

416-14 

478-84 

312-60 

342-67 

385-79 

407-67 

376-44 

362-62 

Soaking  in  Water  at  25*  C. 

Perrent  extension 

100 

75 

50 

26 

211-  7 

242-  5 

397-  7 

313-  3 

267-15 

306-25 

826-19 

362-  81 

322-  8 

282-  3 

476-79 

484-  40 

168-  6 

246-  6 

277-  4 

367-  6 

242-  6 

198-  4 

328-28 

421-  61 

204-16 

256-  3 

383-16 

349-  86 

168-  3 

164-  2 

387-21 

166-  4 

308-16 

395-68 

408-76 

428-  68 

279-61 

272-12 

212-  9 

420-100 

236-  4 

278-  5 

320-50 

378-  94 

246-  6 

247-10 

309-21 

351-  64 

256-23 

.300-13 

283-26 

390-  71 

266-  9 

236-  6 

332-28 

390-  77 

318-61 

316-  9 

140-  3 

247-  16 

348-  30 

388-74 

424-86 

kiAKiNG  IN  Water 

AT  145*  F. 

Percent  extension 
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Table  4. — Ratio  of  Dry  to  Wet  Strength 
Values  After  48-Hour  Soaking  at 
Room  Temperature^ 

Percent  extension 


Test  No.  100  75  60  26 

1  .  48-  78  6«-  27  66-  78  86-  19 

2  .  56-  21  66-  46  64-  49  78-  70 

3  .  65-  30  68-  38  99-110  104-  60 

4  .  39-  36  54-  15  61-  07  64-  36 

5  .  67-  19  52-  81  90-166  84-146 

6  .  54-100  64-  33  94-320  89-  81 

7  .  43-  76  65-  60  82-  81  63-100 

8  .  78-  26  90-161  86-  99  104-  72 

9  .  92-  74  83-  84  58-  39  127-111 

10  .  53-  14  67-109  108-  94  112-122 

11  .  60-102  70-  23  66-  28  95-  78 

12  .  79-  70  100-  29  114-  51  118-  87 

13  .  64-  22  58-  76  80-200  82-  92 

14  .  86-86  92-135  42-  04  61-  28 

15  .  87-  30 


Unextended  mix  (average  of  all  tests)  103-115. 

'All  values  expressed  in  percentages  of  dry  test  values  with 
the  dry  test  as  100  percent. 


Table  5. — Ratio  of  Dry  to  Wet  Strength 
Values  After  3-Hours  Soaking 
AT  145“  F.’ 

Percent  extension 


Test  No.  100  75  60  25 

1  .  50-  56  82-  36  86-  89  79-  69 

2  .  59-  11  58-  28  68-  46  68-  32 

3  . .  46-  26  46-  62  80-  19  84-9 

4  .  42-  60  52-  18  53-  10  50-  29 

5  .  49-  12  45-100  90-  65  69-  67 

6  .  42-  27  59-  44  72-400  83-  49 

7  .  49-200  52-125  71-  85  5  -  50 

8  .  63-  8  72-  43  74-  46  94-  26 

9  .  76-  13  65-  20  62-  22  126-  72 

10  .  41-  11  69-  31  83-  51  89-  40 

11  .  57-102  70-  21  65-  26  82-  80 

12  .  93-108  89-  56  118-  61  105-  48 

13  .  50-  37  59-  88  100-614  63-103 

14  . .  69-  7  79-186  89-  29  93-  68 

16 . . .  91-  68 


Unextended  mix  (average  of  all  tests)  117-71. 

'All  values  expressed  in  percentages  of  dry-test  values  with 
the  dry  test  as  100  percent. 


minutes.  A  gluing  pressure  of  250  pounds  per 
square  inch  was  used  in  gluing  all  the  panels. 
The  gluing  temperature  used  was  245®  F.  and 
the  pressing  time  was  7  minutes. 

There  were  15  plywood  specimens  taken 
from  each  panel.  These  specimens  were  of  the 
conventional  design  used  in  shear  testing  on 
the  Riehle  Shear  Testing  Machine.  Of  these 
specimens  £ve  were  tested  dry  at  a  moisture 
content  of  from  six  to  eight  percent,  five  were 
tested  after  soaking  in  water  for  48  hours  at 
room  temperature,  and  five  were  tested  after 
soaking  in  water  for  three  hours  at  145®  F. 
The  averages  of  these  values  are  shown  in 
Tables  1,  2  and  3.  The  percentages  of  wet 
strength  to  dry  strength  and  wood  failure  are 
expressed  in  Tables  4  and  5. 


Results 

This  report  summarizes  the  results  recorded 
in  the  tables.  The  strength  of  dry  joints  was 
used  as  a  basis  for  the  caloilatioiu. 

The  dry  shear  values  were  usually  very  gcxxl 
and  the  amount  of  w(X)d  failure  was  consid¬ 
erable.  Joints  made  with  the  lower  extensions 
showed  higher  values. 

The  water  resistance  of  joints  made  with 
high  extensions  was  poor  in  most  cases.  The 
shear  strengths  were  high  in  some  instances 
but  the  wood  failure  was  relatively  low. 

In  the  3-hour  soak  test  the  Soft  Winter  Clear 
flour  showed  the  best  ratio  of  wet  to  dr\ 
strength.  The  durum,  however,  showed  the 
higher  values.  Extensions  beyond  75  percent 
showed  low  test  values.  The  Hard  Winter 
Straight  and  Hard  Winter  Between  Straight 
and  Clear  flour  showed  the  best  values.  The 
rye  flours  showed  good  results  only  in  the 
lowest  extensions. 

Samples  subjected  to  the  48-hour  .soak  test 
gave  higher  values  than  those  exposed  to  the 
3-hour  tests.  The  Soft  Winter  Clears  here  again 
showed  the  greatest  decrease  in  value  as  the 
flour  extension  was  increased.  Strength  values 
of  most  flours  were  good  up  to  75  percent 
extension. 

The  wet  to  dry  ratios  were  fairly  constant  in 
all  cases  up  to  75  percent  extension.  Where 
original  strengths  were  good  the  wet  strength 
was  good.  The  wood  failure,  however,  was 
inconsistent  in  many  cases. 

Conclusions 

Several  grades  of  flour  were  found  suitable 
for  glue  extension.  The  soft  wheat  flours  were 
more  easily  mixed  than  the  other  varieties.  The 
viscosity  of  the  mixefs  was  suitable  for  spread¬ 
ing  in  all  cases.  The  lower  extensions  with  soft 
wheat  flours  required  very  little  water  to  main¬ 
tain  the  desired  viscosity. 

The  hard  winter  wheat  flours  were  quite 
difiicult  to  mix  especially  in  the  higher  exten¬ 
sions.  In  some  cases  more  water  was  required 
than  was  practicable  in  the  100  percent  exten¬ 
sions.  The  mixes  were  easily  made  in  the  other 
extensions.  The  strengths  of  the  Straight  grades 
and  Straight  to  Clear  grades  were  good  in 
many  cases. 
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The  white  rye  flour  was  easily  mixed.  The 
alues  were  not  too  satisfactory  beyond  50  per¬ 
cent  extension.  The  lower  extensions  showed 
irood  values  and  good  ratios.  The  dark  rye  is 
aot  too  suitable  in  the  higher  extensions.  Too 
nuch  water  is  required  to  get  a  spreadable  mix. 

No  definite  conclusion  could  be  drawn  from 
!he  ash  or  protein  values.  It  was  noticed,  how¬ 
ever,  that  as  these  values  increased  it  became 


more  diflicult  to  mix  the  glue.  It  will  be  neces¬ 
sary  to  continue  these  tests  furdier  on  both  a 
short  and  long  term  basis  before  the  best  flours 
can  be  determined.  All  of  -the  flours  except 
dark  rye  mentioned  can  be  used  for  urea  resin 
extension  if  extension  does  not  exceed  100  per¬ 
cent.  The  long  term  exposure  tests  should 
prove  to  be  of  additional  value  in  making  the 
final  conclusions. 
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Evaluating  Furniture  Finishes 

Joseph  A.  Hager 

Vice  President,  Grand  Rapids  Varnish  Corporation,  Grand  Rapids,  Michigan 

This  paptf  deals  with  the  evaluation  of  clear  or  transparent  furniture  finishes,  defines  them  and  discusses 
their  production,  requirements,  materials  from  which  thw  are  produced  and  composition.  The  wide  diversity 
of  prices  at  which  these  materials  are  offeted  and  the  relationship  between  price  and  results  it  discussed.  The 
users  of  furniture  finishes  are  urged  to  evaluate  by  careful  testing  the  present  and  future  qualities,  or  service¬ 
ability,  of  finishes  they  contemplate  using  in  order  to  assure  themselves  of  the  suitability  of  the  toish  for  the 
particular  produa  being  manufactured. 


TO  UNDERSTAND  and  evaluate  furni¬ 
ture  finishes,  and  the  materials  with 
which  they  are  produced,  it  is  necessary 
that  an  unfortunate  but  wide-spread  habit,  of 
speaking  and  thinking  inaccurately  about  them, 
be  corrected. 

The  average  person,  speaking  of  or  describ¬ 
ing  a  furniture  finish,  is  prone  to  refer  to  it  as 
a  "good”  finish  or,  conversely,  as  a  "cheap” 
finish.  What  is  meant  by  the  words  "good” 
and  "cheap”  Does  "good”  refer  to  purity  of 
design,  to  inherent  value,  to  protection  fea¬ 
tures?  Does  "cheap”  mean  poor  design,  low 
price,  a  bargain  ?  Generally,  the  meaning  is  not 
clear  and  is  confused  because  recognition  has 
not  been  given  to  the  fact  that  there  are  two 
principal  and  separate  features  in  every  furni¬ 
ture  finish. 

Purpose  of  a  Furniture  Finish 

A  furniture  finish  is  of  two  definite  and  dis¬ 
tinct  parts  for  there  are  two  well  founded  rea¬ 
sons  for  finishing  furniture.  These  are:  (1)  to 
beautify,  and  (2)  to  protect.  For  this  reason, 
when  it  is  desired  to  evaluate  a  furniture  finish, 
it  is  necessary  to  restrict  or  limit  the  appraisal 
to  one  characteristic  at  a  time.  This  is  impor¬ 
tant  because  quality  or  lack  of  quality  in  one 
feature  is  not  necessarily  an  indication  quality 
will  be  present  or  lacking  in  the  other  feature. 
To  express  this  in  another  way — the  fact  that 
a  certain  furniture  finish  is  beautiful  from  an 
artistic  standpoint  is  not  a  warranty  that  it  is 
of  good  inherent  quality  or  that  it  will  provide 
the  desired  or  needed  serviceability.  Likewise, 
the  fact  that  from  an  artistic  standpoint  a  fur¬ 
niture  finish  may  be  atrocious  is  not  an  indica¬ 
tion  that  it  is  of  poor  intrinsic  quality. 

In  using  finishing  materials  for  the  purpose 
of  beautifying  furniture,  we  seek  to  produce 


colors,  color  variations,  color  harmonies  and 
contrasts  which,  together  with  the  transparency, 
depth,  luster  and  "feel”  of  the  coatings  are 
pleasing,  appealing  and  satisfying. 

In  using  finishing  materials  for  the  purpose 
of  protection  we  seek  to  achieve  coatings  that 
will  protect  the  furniture  from; 

1.  Atmospheric  conditions  and  changes  in 
those  conditions. 

Our  purpose  is  to  maintain  the  moisture 
content  of  the  wood  as  closely  as  possible 
to  that  prevailing  at  the  time  of  manu¬ 
facture.  In  this  way  wood  dimensions  are 
stabilized.  Achieving  this,  drawers  and 
doors  once  properly  fitted,  continue  to  be 
properly  fitted  and  work  without  sticking 
or  binding.  Further,  glue  joints  remain 
tight  and  solid  and  panels  do  not  warp. 

2.  The  hazards  of  normal  use. 

Our  purpose  is  to  protect  the  wood  from 
discoloration,  soil,  mars,  stains  and 
scratches. 

Informative  Labeling  Needed 

It  must  be  readily  evident  that  anyone  can 
appraise  (at  least  to  his  own  satisfaction)  the 
artistic  quality  pf  a  furniture  finish  by  merely 
looking  at  it.  It  is  apparent  too  that  the  better 
trained,  the  more  cultured,  the  more  critical 
the  individual  examining  the  finish  the  more 
comprehensive  and  the  more  correct  the  con¬ 
clusions. 

It  is  unfortunate  that  a  similar  visual  exami¬ 
nation  of  a  furniture  finish,  regardless  of  the 
training,  the  experience  or  the  knowledge  of 
the  examiner,  will  not  provide  a  basis  for  an 
evaluation  of  its  capacity  for  protection.  This 
is  true  for  the  reason  that  a  color  that  is  fade 
proof  looks  no  different  today  than  a  color  that 


126 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


will  fade  readily,  a  coating  (be  it  lacquer,  var¬ 
nish  or  synthetic)  that  has  flexibility  appears 
no  different  than  one  that  is  brittle.  In  short, 
there  is  not  in  furniture  finishes  a  characteristic 
initial  appearance  peculiar  to  an  inherent  qual¬ 
ity  or  lade  of  an  inherent  quality. 

Thus  it  is  that  the  protective  qualities  can 
only  be  determined  by  actually  testing  the  fur¬ 
niture  finish.  Obviously,  if  the  finish  under  test 
is  unequal  to  the  test  requirement,  the  finish  on 
the  furniture  is  ruined. 

Because  there  is  no  way  in  which,  by  visual 
examination,  the  inherent  qualities  of  a  furni¬ 
ture  finish  can  be  determined,  it  would  appear 
highly  desirable  for  furniture  manufacturers 
and  manufacturers  of  finishing  materials, 
through  cooperative  effort,  to  establish  a  pro¬ 
gram  of  informative  labeling.  In  this  way  the 
true  protective  qualities  of  furniture  finishes 
could  be  made  known  to  those  interested.  This 
could  be  patterned  after  the  practice  of  the  tex¬ 
tile  industry  where  evidence  of  shrink  proof¬ 
ness,  water  resistance,  and  sun  proofness,  is 
given  by  means  of  labels  and  tags. 

What  Is  a  Furniture  Finish? 

We  now  come,  quite  naturally,  to  a  consid¬ 
eration  of  what  a  furniture  finish  is  and  how 
it  is  achieved.  For  the  sake  of  avoiding  con¬ 
fusion,  let  us  limit  our  present  consideration  to 
furniture  finishes  of  the  clear,  transparent  or 
translucent  types  and  exclude  from  our  consid¬ 
eration  finishes  of  the  opaque  or  so-called 
painted  or  enameled  types.  On  this  restricted 
basis  then,  a  furniture  finish  is  a  coating  or  a 
combination  of  coatings  of  organic  compounds, 
that  produce  a  desired  color  or  colors  in  or  on 
the  furniture  woods  and  that  produce  a  film 
that  protects  the  furniture  from  changes  in 
atmospheric  conditions  and  from  the  hazards 
of  use. 

The  Basic  Materials 

Even  as  the  basic  purpose  of  a  furniture 
finish  is  two  fold  so  the  materials  of  which  it 
is  produced  fall  into  two  principal  categories. 
There  is  that  group  of  materials  used  in  achiev¬ 
ing  the  color  and  color  effects  desired  and  that 
group  of  materials  from  which  the  protective 
films  are  produced.  Sometimes  a  given  finish¬ 
ing  material  may  serve  a  dual  purpose. 


The  group  of  materials  used  for  the  purpose 
of  coloring  or  beautifying  the  wood  falls  into 
two  principal  classifications — those  formulated 
of  soluble  coloring  matter,  and  those  formu¬ 
lated  of  insoluble  or  pigment  colors.  They  can 
also  be  divided  in  another  manner,  that  is:  as 
to  whether  the  color  they  contribute  is  impreg¬ 
nated  in  the  wood,  lies  on  the  wood,  or  exists 
in  or  between  films  of  finishing  materials  above 
the  wood. 

Table  1  classifies  the  group  of  coloring  mate¬ 
rials  under  both  of  the  aforementioned  arrange¬ 
ments. 

Table  1. — Classification  of  Coloring 
Materials 

Coloring  Materials  Soluble  colors  Pigmeiit  colors 

Penetrating  Water  stain  Wiping  pigment  stain 

Penetrating  oil  Colors  in  oil 

stain  (To  be  thinned  and 

Spirit  stain  wiped) 

Non-grain-raising 
stain 


Semi-penetrating  Tinted  or  colored  Non-wiping  pigment 

(Color  dose  to  varnish  stain 

the  wood)  Stains  in  Sealers 

Color  in  pores  Filler 

Non-penetrating  Toner  P^pnented  sealer 

(Color  in  the  Shading  stain  Pigmented  shading 

film  laying  on  stain 

the  wood)  Padding  stain  Wij^g  Glaze 

(Whm  used  over  (When  used  over  a 
sealer)  coating) 

Color  varnish 

The  group  of  finishing  materials  used  for 
the  purpose  of  forming  protective  films  on  the 
furniture  fall  naturally  into  two  classifications 
— those  drying  solely  by  a  process  of  evapora¬ 
tion  and,  thosd  drying  by  a  process  involving 
oxidation,  polymerization  and  gelation.  Those 
materials  drying  by  evaporation  are  generally 
formulated  with  a  base  of  cellulose  (it  may  be 
nitrocellulose  or  ethyl  cellulose  or  some  other 
.chemical  compound  of  cellulose)  and  are  popu¬ 
larly  referred  to  as  lacquers.  Those  materials 
not  drying  by  evaporation  are  generally  formu¬ 
lated  without  cellulose  and  are  popularly  re¬ 
ferred  to  as  varnishes  or  synthetic  coatings. 
The  term  varnish  is  generally  used  alone  or 
with  the  qualifying  word  "oleoresinous”  when 
the  resins  used  in  the  making  of  the  varnish 
are  natural  resins.  When  chemically  made  or 
synthetic  resins  are  used  the  qualifying  word 
"synthetic’'  is  generally  used  with  the  word 
varnish,  i.e.  synthetic  varnish. 
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The  film  forming  materials  may  also  be 
classified  in  another  manner,  that  is  in  accord¬ 
ance  with  the  purpose  for  which  they  are  used. 
To  illustrate:  some  coatings  are  used  for  pur¬ 
poses  of  impregnation,  some  for  purposes  of 
sealing  the  surface  of  the  wood,  and  some  for 
the  purpose  of  building  a  film  above  the  sur¬ 
face  of  the  wood. 

Table  2  arranges  the  clear,  transparent  and 
translucent  film  forming  or  protective  materials 
in  accordance  with  these  two  methods  of  clas¬ 
sification. 

Table  2. — Protective  Materials 

Materials  Lacquers  Varnish  or  synthetic 

Impregnating  Penetrating  Impregnating  sealers 

materials  sealers  Waterproofing  sealers 

Insecticidal  s^ers 
Fungicidal  sealers 

Sealing  materials  Sealers  Shellac 

Clear  coatings  Sealers 

Clear  coatings 

Coating  materials  Gloss  coatinp's  Gloss  coating 

Flatted  coatmgs  Flatted  coatings 

Tables  1  and  2  provide  a  listing  and  a  clas¬ 
sification  of  the  important  types  of  materials 
used  in  the  production  of  a  furniture  finish. 

The  determination  of  which  materials  are 
actually  used  and  how  they  are  used  is  con¬ 
trolled  by  two  principal  factors — the  type  of 
wood  used  and  the  kind  or  quality  of  the  finish 
desired.  As  is  known,  woods,  from”  the  stand¬ 
point  of  finishing,  are  of  two  principal  kinds 
— the  open  grain  type  as  oak,  walnut  and 
mahogany,  and  the  close  grain  type  as  gum, 
poplar,  beech,  and  maple.  As  is  probably  sus¬ 
pected,  the  quality  of  finishes  varies  over  a 
wide  range. 

Basically  the  process  of  finishing  open  grain 
woods  is  the  same  as  that  employed  in  the  fin¬ 
ishing  of  close  grain  woods.  The  important 
difference  is  that  the  pores  of  the  open  grain, 
woods  must  be  filled  to  provide  a  level  surface. 
This  obviously  is  not  necessary  when  finishing 
close  grained  woods. 

Cost  Relationships 

In  considering  furniture  fini^s  and  how 
they  are  produced  it  must  be  remembered  that 
there  exists  a  wide  range  of  requirements  not 
only  from  the  standpoint  of  appearance  of  the 
finish,  and  the  quality  of  the  finish  but  also 
from  the  standpoint  of  cost.  Inasmuch  as- the 


amount  of  money  spent  in  producing  a  finish 
should  have  a  bearing  on  the  beauty  and  in¬ 
herent  quality  of  a  finish,  it  appears  desirable 
to  set  up  various  classes  of  finishes,  such  classes 
determined  by  the  amount  of  money  available 
for  finishing  the  furniture.  Suppose  then  that 
three  classes  be  established  and  that  they  be 
called  simply  low  cost  finishes,  medium  cost 
finishes,  and  high  cost  finishes. 

Almost  always,  regardless  of  what  cost  clas¬ 
sification  the  finish  may  be  in,  it  is  necessary 
to  color  the  wood  to  adiieve  a  pleasing,  appeal¬ 
ing  and  satisfying  finish.  Obviously,  in  a  low 
cost  finish  the  minimum  effort  and  expense 
necessary  to  produce  an  acceptable  color  is  put 
forth. 

Having  produced  an  acceptable  color  it  then 
becomes  necessary  to  seal  the  wood  (to  provide 
a  barrier  against  the  movement  of  moisture  into 
or  out  of  the  wood)  and  to  provide  a  level  sur¬ 
face  or  foundation  for  the  finish'  coat.  Here 
again,  in  a  low  cost  finish,  minimum  expense 
and  effort  are  expended. 

The  minimum  requirements  of  a  finish  are 
provided  by  the  application  of  a  top  or  finish 
coat  over  the  sealer  coat,  to  further  protect  the 
furniture  against  atmospheric  conditions,  and 
to  protect  the  furniture  against  the  hazards  of 
normal  use. 

This  then  constitutes  the  minimum  in  furr 
niture  finishing  operations  when  close  grained 
wood  is  used,  viz:  color  the  wood,  seal  the 
wood,  apply  a  protective  coat.  If  the  wood  be 
a  wood  with  large  pores,  it  would  be  necessary 
to  add  the  operation  of  filling  the  pores.  Obvi¬ 
ously,  this  minimum  or  lowtCOst  finish  would 
not  possess  many  features  present  in  the 
medium  or  high  cost  finishes.  For  example,  the 
color  would  be  harsh  in  comparison  with 
higher  cost  unishes — it  would,  quite  likely  be 
lacking  in  details  that  contribute  to  interest 
such  as  high  -lights  and  shadows.  Similarly  in 
this  low  cost  finish  the  thickness  of  the  film 
mi^  be  less  than  is  desired. 

Aside  from  the  refinements  of  color  and 
appearance  that  might  be  lacking  in  a  low  cost 
fiinish,  such  a  finish  can  be  of  high  intrinsic 
quality  and  can  provide  good  protection. 
Whether  it  does  so  or  not  will  be  determined 
entirely  by  the  inherent  quality  of  the  materials 
used.  /V' 
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A  furniture  finish  is  advanced  from  a  low 
cost  to  a  high  cost  finish  by  the  addition  of 
various  operations,  each  designed  to  add  refine¬ 
ment,  interest  or  additional  protection  to  the 
furniture.  These  additional  operations  in  many 
instances  are  hand  operations.  Sometimes  in 
improving  a  finish  a  hand  operation  replaces  a 
machine  operation.  Refinements  in  furniture 
finishes  generally  take  the  form  of  further  de¬ 
velopment  of  color.  It  may  be  noted  that  as 
more  and  more  money  is  invested  in  a  finish, 
color  assumes  increasing  importance.  It  will  be 
found  to  achieve  a  third  dimension,  a  depth, 
missing  in  lower  cost  finishes.  It  will  be  found 
to  enhance,  to  add  interest  and  drama  to  the 
wood  grain.  It  will  add  artistry  to  the  concept 
of  the  finish  in  that  desirable  features  of  old, 
mellowed,  museum  pieces  of  furniture  are  cap¬ 
tured  and  reproduced.  How  is  this  accom¬ 
plished?  Simply  by  the  use  of  color  at  every 
possible  level  of  the  finish,  that  is,  impregnated 
in  the  wood,  filled  into  the  pores  of  the  wood, 
on  the  surface  of  the  wood  and  in  the  films  of 
materials  above  the  wood.  In  this  way  it  is  pos¬ 
sible  to  have  color  at  three  or  four  levels. 

In  an  effort  to  clarify  further  these  three 
types  of  furniture  finish,  let  us  list  a  typical 
finishing  procedure  for 

(a)  A  Low  Cost  Finish 

1.  Finish  sand  furniture  to  prepare  for 
finishing. 

2.  Stain  to  desired  color. 

3.  Apply  coat  of  sealer. 

4.  Sand  sealer  coat. 

5.  Apply  a  flatted  topcoat. 

(b)  A  Medium  Cost  Finish 

1.  Finish  sand  furniture  to  prepare  for 
finishing. 

2.  Stain  to  desired  color. 

3.  Apply  light  coat  of  sealer  (called  a 
washcoat)  to  lightly  seal  the  fibers 
of  the  wood. 

4.  Fill  pores  (open  pore  wood). 

5.  Apply  coat  of  sealer. 

.  6.  Sand  sealer  coat. 

7.  Uniform  color  on  different  parts  of 
the  piece  by  shading  the  light  parts 
to  match  the  darker  parts. 

8.  Apply  finish  coat. 


9.  Sand  finish  coat. 

10.  Apply  second  finish  coat. 

11.  Rub  finish  coat. 

12.  Polish  finish  coat. 

(c)  A  High  Cost  Finsh 

1.  Hand  sand  furniture  to  prepare  for 
finishing. 

2.  Stain  to  desired  base  or  undertone 
color. 

3.  Impregnate  wood  with  water-proof¬ 
ing  material. 

4.  Fill  pores  of  wood  (open  pore 
wood). 

3.  Apply  coat  of  tinted  glazing  sealer. 

6.  Sand  glazing  sealer. 

7.  Apply  coat  of  glaze. 

8.  Brush  and  blend  glaze  to  achieve 
mellowing  of  color  and  to  intensify 
highlights  and  shadows. 

9.  Apply  coat  of  sealer.  . 

10.  Sand  sealer  coat. 

11.  Apply  finish  coat. 

12.  Sand  finish  coat. 

13.  Hand  pad  color  into  finish  coat. 

14.  Add  distinguishing  marks  and 
treatment  to  finish. 

13.  Apply  second  coat  of  finish. 

16.  Hand  rub  finish.  .  : 

17.  Clean  up  rubbing. 

18.  Hand  wax  finish. 

Attention  is  again  directed  to  the  fact  that 
the  principal  difference  between  a  low  cost  and 
a  high  cost  furniture  finish  is  in  the  effort  put 
forth  to  develop  color  and  the  artistic  treatment 
of  the  wood.  Attention  is  also  directed  to  the 
fact  that  regardless  of  whether  the  finish  be  a 
high  cost  or  a  low  cost  one  the  quality  oi  the 
finish,  the  protection  that  the  finish  is  capable 
of  providing  is  determined  solely  by  the  in¬ 
herent  quality  of  the  finishing  materials  used 
and  not  by  the  artistry  or  lack  of  artistry  in 
developing  or  refining  color.  Thus  if  the  most 
artistic,  the  most  beautiful  of  furniture  finishes 
were  produced  with  finishing  materials  of  in¬ 
ferior  quality  the  entire  finish  would  be  infe¬ 
rior  from  the  standpoint  of  providing  protec¬ 
tion  against  atmospheric  conditions,  the 
changes  in  those  conditions  and  against  the 
hazards  of  normal  use. 
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Origin,  Manufacture,  and  Properties  of 
Finish  Ingredients 

To  understand  the  matter  of  inherent  quality 
in  finishing  materials  it  becomes  necessary  to 
consider  the  raw  materials  used  in  the  formu¬ 
lation  and  manufacture  of  the  various  finishing 


materials  and  also,  the  processes  by  which  they 
are  manufactured. 

This  can  probably  best  be  done  by  provid¬ 
ing  a  chart  covering  each  type  of  product  as 
shown  in  Tables  1  and  2.  See  Tables  3,  4,  5 
and  6. 


Table  3. — Stains  Formulated  of  Soluble  Colors 


Method  of 

Name  Content  Manufacture 

Water  stain _ Water-soluble  Mixing 

aniline  dyes 

Oil  stain _ Aromatic-  Mixing 

hydrocarbon- 
soluble  aniline  dyes 

Spirit  stain _ Alcohol-soluble  Mixing 

aniline  dyes 

Non-grain-raising  stain _ Water-soluble  Mixing  under  heat 

aniline  dyes  Filtering 


Advantages 
Depth  of  coior 
Brilliance  of  color. 
Permanence  of  color. 

Does  not  raise  grain. 
Dries  quickly. 


Does  not  raise  grain. 
Dries  quickly. 

Depth  of  color. 

Brilliance  of  color. 
Permanence  of  color. 
Does  not  raise  grain. 
Dries  quickly — a  matter 
of  minutes. 


Disadvantages 
Raises  wood  grain.  Long  pe¬ 
riod  required  for  drying. 
Necessary  to  sand  the  raiaec' 
(rain. 

Does  not  produce  depth  of 
color  or  brilliance  of  color 
Color  not  permanent.  Bleed^ 
into  subsequent  coats. 

Does  not  produce  depth  of 
color,  or  brilliance  of  color 
Color  not  permanent. 


Table  4. — Raw  Materials  and  Processes  Used  in  the  Manufacture  of  Fillers,*  Pigmented  Wipin( 

AND  Non-Wiping  Stains,  Glazes* 


Pigments  i 


[  [Calcium  Sulphate 

Inert  pigments  as  Silica 

[Magnesium  Silicate 


Earth  color  pigments  as 


[Siennas 

Umbers 

{Van  Dyke  Brown 
[Etc. 


Fillers  consist  of 


and/or  /As  in 

Soluble  colors  [Table  No.  8 


Vehide  { Varnish 


/Natural 

Resins  [Synthetic 

/Vegetable 
Oil  [Dr^g 


/Hydrocarbons 
[Solvents  [Terpenes 


(Manganese 
Cobut 
Lead 

‘Fillers  are  manufactured  by  thorough  mechanical  mixing  and  grinding. 

’Pigmented  sriping  stains,  pigmented  non-wiping  stains  and  glazes  are  all  formulated  of  the  same  basic  ingredients  ae  fillers 
but  in  dmerent  proportions. 


Table  5. — ^Raw  Materials  and  Processes 


Raw  Materials 

Material  Type 

Nitroeelluloee  Cdlulose  fibers  nitrated  by  treatment  with 
.  ,  nitric  and  sulphuric  acids 

Resitti _ Natural 

Srathetic 

Plasticisers _ Treated  oils 

Chemical 

Solvents _ Esters 

Ketones 

Ethers 

Alcohols 

Aliphatic  or  aromatic  hydrocarbons 


Processes 

All  lacquers  are  produced  by  dissolving  nitrocellu¬ 
lose,  resins  and  plasticizers  in  the  solvents  thorough 
mixit^  and  agitation. 

Lacquer  Sealers  ‘ 

Consist  of  lacquers,  as  compounded  above,  to 
which  a  “sanding  agent",  usually  a  metallic  soap, 
has  been  added  wf  a  griMing  process. 


Used  in  the  Manufacture  of  Lacquers 

Flat  Lacquers 

Consist  of  lacquers,  as  compounded  above,  to 

which  a  "flatting  agent"  has  been  added  by  a 
grinding  process. 

Lacquer  Toners 

Consist  of  lacquers,  as  compounded  above,  to 

which  soluble  colors  have  been  added. 

Lacquer  Shading  Stains 

Consist  of  lacquers,  as  compounded  above,  to 

which  have  been  added  soluble  colors  or  pig 

mented  colors. 

Lacquer  Enamels 

Consist  of  lacquers,  as  compounded  above,  int( 
which  have  been  ground  earth  or  chemical  pig 
ments. 
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Tablb  6. — Raw  Materials  and  Processes  Used 
IN  THE  Manufacture  of  Varnishes 
AND  Synthetic  Varnishes 


Raw  Materials 


Materials 

Type 

Rcaina 

/Natural 

\Synthetic 

Oils  aueb  as 

(Linseed 

(Soya 

(Tung 

Solvanta* 

1  (VMAP  Naphtha 

Hydrocarhons  such  as  ( Mineral  Spirits 

1  (Hi-FlMh  Naphtha 

\  [PineOU 

1  Terpenes  such  as  ( Turpentine 

1  [Dipentine 

Driers 

(Manganese  ■ 
i  Cohut 
(Lead 

tually  every  requirement  of  cost.  Either  require¬ 
ment  can  be  met,  but  top  quality  at  lowest 
price  caimot  very  often  be  provided  in  a  single 
material. 

Thus  is  explained  the  wide  diversity  of 
prices  at  which  materials  of  the  same  name  are 
offered.  There  is  but  one  fact  of  which  every 
buyer  may  be  certain — he  is  never  getting 
something  for  nothing.  While  the  fact  that  this 
is  so  may  not  always  be  apparent  when  mate¬ 
rials  are  being  applied  or  when  furniture  fin¬ 
ishes  are  newly  completed,  it  invariably  does 
become  apparent  as  the  finish  ages.  At  that 
time,  however,  it  is  too  late  to  do  anything 
about  it. 


Processes 

Varnishes  are  produced  by  cooking  and  mixing  to 
achieve  a  chemical  and  physical  union  of  the 
ingredients. 

Varnish  Sealers 

Consist  of  varnishes,  compounded  as  above,  into 
which  are  ground  "sanding  agents". 

Flat  Varnishes 

Consist  of  varnishes,  compoimded  as  above,  into 
which  are  ground  "flattening  agents”. 

Color  Varnishes 

Consist  of  varnishes,  compounded  as  above,  to 
which  are  added  soluble  colors. 

Enamels 

Consist  of  varnishes  (or  synthetic  varnishes)  into 
which  have  ben  ground  earth  or  chemical  pig¬ 
ments. 


It  may  be  noted  from  the  foregoing  tables 
that  there  are  a  comparatively  few  families  of 
products  used  in  producing  finishing  materials. 
They  are:  resins,  oils,  solvents,  plasticizers, 
pigments,  soluble  colors,  driers  and  chemically 
modified  cellulose,  sanding  and  flatting  agents. 
It  must  be  noted  however  that  while  the  classi¬ 
fication  of  products  are  few  the  number  of 
items  in  many  classifications  is  almost  without 
limit.  For  example,  while  natural  resins  (those 
found  in  nature,  fossilized  or  otherwise)  are  of 
limited  number,  those  made  chemically  or  syn¬ 
thetically  are  almost  limitless  in  number  and 
are  being  added  to  almost  daily.  The  same  situ¬ 
ation  prevails  in  the  field  of  solvents  and  plas¬ 
ticizers.  Pigments  too  are  of  many  kinds. 

This  wide  variety  of  raw  materials  makes 
available  to  the  finishing  material  chemist  and 
formulator  products  to  serve  virtually  every  re¬ 
quirement  of  quality  or  performance  and  vir¬ 


It  is  for  this  reason  that  users  of  furniture 
finishing  materials  are  urged  to  evaluate  by 
testing  procedure  the  present  and  future  quali¬ 
ties  and  fitness  of  the  materials  they  contem¬ 
plate  using,  so  that  they  may  thereby  assure 
themselves  that  the  materials  used  do  possess 
the  desired  protective-  qualities.  Having  done 
so,  the  sale  of  the  furniture  will  be  helped  if  a 
statement  of  the  qualities  of  ffie  finish  are 
attached  to  the  furniture  in  the  form  of  an  in¬ 
formation  tag  signed  by  the  manufacturer. 

Discussion 

% 

G':  G.  Sward  (National  Paint  and  Lacquer 
Association) :  Mr.  Hager  has  outlined  the 
minimum  requirements  for  getting  a  good  fin¬ 
ish;  that  is,  he  has  itemized  the  necessary  steps. 
I  couldn’t  add  a  thing  to  what  he  has  told  us 
in  that  respect.  But  finishing  is  a  cooperative 
undertaking.  The  finisher  must  perform  each 
step  properly  and  with  quality  materials,  in 
order  to  create  aesthetic  as  well  as  service  value. 

Mr.  Hager:  Mr.  Sward’s  remarks  are  most 
pertinent  and  I  am  highly  in  accord  with  them; 
though  to  the  producer  of  finishing  materials 
his  products  are  finished  products,  to  the  user 
they  are,  in  effect,  raw  materials  and  what  he 
does  to  and  with  them  and  how  he  does  it 
will,  in  large  measure,  determine  the  result. 

]obn  H.  Gividen  (Dunbar  Furniture  Manu¬ 
facturing  Company) :  It  has  been  the  observa¬ 
tion  of  many,  who  are  competent  to  evaluate 
what  the  proper  finish  does  as  to  beautification 
and  atmosphere  of  the  fim'shed  product,  to  con¬ 
demn  many  of  the  finishes  that  are  best  for  pro¬ 
tection  because  the  finish  detracts  from  the 
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beauty  and  atmosphere.  In  this  connection, 
many  of  the  best  lodcing  finishes  do  not  do 
much  from  a  protection  angle  when  exposed  to 
hard  usage  or  to  unusual  moisture  or  tempera¬ 
ture  conditions. 

Furniture  finishes  for  the  most  part  have 
always  been  evaluated  from  two  bases  and  lit¬ 
tle  has  been  done  to  try  to  get  the  two  bases 
closer  synchronized  to  accomplish  a  common 
desirable  result:  appearance  and  utility. 

Mr.  Hager:  No  one  can  take  issue  with  Mr. 
Gividen’s  comments.  The  furniture  manufac¬ 
turer  has  had  repeated  and  undeniable  proof 
that  if  his  furniture  does  not  possess,  in  color 
and  in  the  artistic  concept  of  finish,  that  which 
the  consumer  seeks,  it  will  not  sell,  not  only 
regardless  of  how  good  the  finish  may  be,  in¬ 
trinsically,  but  also  regardless  of  how  good  the 
construction  may  be.  Therefore,  it  is  easily  un¬ 
derstandable  that  the  mere  fact  that  a  finish¬ 
ing  material  or  a  complete  finish  has  quality,  is 
not  sufficient  in  his  eyes  to  warrant  the  purchase 
of  the  materials  offered.  It  must  not  be  as¬ 


sumed,  however,  that  because  a  given  finishing 
material  is  possessed  of  high  intrinsic  quality, 
it  is  impossible  or  even  difficult  to  achieve  with 
it  the  color  and  artistic  results  which  are  de¬ 
manded  by  the  consuming  public. 

The  alert  and  progressive  manufacturer  of 
finishing  material  who  supplies  the  furniture 
manufacturer  has  an  up-to-the-minute  knowl¬ 
edge  of  the  colors  and  the  artistic  effects  which 
are  sought  and  bought  by  the  consumer,  and 
offers  a  design  service  to  the  furniture  manu¬ 
facturer  that  results  in  the  artistic  effects  that 
sell. 

All  that  is  necessary  to  achieve  the  results 
which  Mr.  Gividen  so  rightly  states  are  desir¬ 
able  and  necessary  is  for  the  furniture  manu¬ 
facturer  to  select  as  his  source,  a  finish  mate¬ 
rial  manufacturer  who  has  a  forward  looking 
concept  of  the  furniture  manufacturer’s  needs, 
and  having  selected  such  a  source,  to  work 
closely  with  him  to  the  end  that  the  furniture 
manufacturer’s  objectives  are  successfully 
achieved. 
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Lumber  Core  Panels 


H.  K.  von  Maltitz 

(Plycor  Division) 
and 

M.  L.  Larson 

Both  of 

Earle  Hart  Woodworking  Machine  Company,  Chicago,  Illinois 


This  paper  has  been  prepared  in  an  effort  to  provide  a  clear  undersunding  of  the  advantages  and  disad¬ 
vantages  of  the  various  types  of  edge-gluing  machines  available  today.  It  sett  forth  the  events  which  led  to 
the  development  of  present  day  edge-gluing  equipment.  Following  this,  the  operation  of  each  type  is  explained. 
Included,  also,  is  a  complete  description  of  the  ideal  set-up  for  the  preparation  of  lumber  for  both  batch- 
continuous  preMes  and  continuous  feed  presses.  This  h  followed  by  a  brief  explanation  of  the  latest  develop¬ 
ment  in  combining  steam  heat  with  high  frequency  heating  and  the  advantages  which  result. 


Introduction 

N  THE  middle  1930’s,  three  European  roll- 
feed  veneer  splicers  were  imported  into 
this  country.  These  machines  operated  in  a  . 
cross-feed  direction  as  contrasted  to  the  usual 
with-the-grain  direction.  This  led  to  the  devel¬ 
opment  of  the  first  commercial  steam-heated 
continuous  feed  lumber  edge-gluing  press  in 
this  country.  The  date  was  about  1940  though 
the  experimental  model  was  produced  several 
years  earlier. 

Today  we  have  lumber  edge-gluing  machines 
of  various  types — all  surplanting  the  old-fash¬ 
ioned  clamp  carrier.  These  new  machines  may 
be  classified  as  follows: 

1.  Batch  presses 

a.  Steam  heated 

b.  High  frequency  heated 

2.  Batch-continuous  presses — high  frequency 

heated 

3.  Continuous  feed  presses 

a.  Steam  heated 

b.  Combination  steam  and  high  frequency 
heat 

The  batch  presses  and  the  batch-continuous 
presses  usually  require  prematching  to  width 
of  the  panels  or  scores.  The  continuous  feed 
presses  are  set  apart  by  having  a  width-sizing 
saw  as  part  of  their  mechanism. 

When  machine  edge-gluing  of  lumber  was 
introduced  commercially  in  1940,  it  was  con¬ 
sidered  best  practice  to  double  surface  the  lum¬ 
ber  in  full  lengths  as  it  came  from  the  lumber 


lift.  The  object  was  to  provide  a  clear  surface 
so  that  the  slash  saw  operators  could  more 
readily  see  the  defects.  This  method  took  out 
neither  twist  nor  cup.  An  equally  important 
objective  was  to  leave  as  much  in  thickness  as 
possible  for  the  final  planing  operation  be¬ 
hind  the  clamp  carrier,  as  the  clamp  method 
did  not  result  in  flat  panels  or  cores. 

Now,  with  all  but  one  of  these  new  auto¬ 
matic  machines,  we  have  one  thing  in  com¬ 
mon;  the  end  product,  after  gluing,  is  flat. 
Furthermore,  it  is  no  longer  possible  to  pound 
and  beat  poorly  fitting  joints  together  as  in 
the  clamp  carrier.  Nor,  it  might  be  added,  do 
we  have  internal  stresses  in  the  final  product. 
This,  of  course,  calls  for  better  preparation 
of  the  lumber  in  order  to  obtain  the  fullest 
benefit  from  these  new  edge-gluing  machines. 
And  this,  in  turn,  led  to  the  development  of  the 
short-length  rough-end  mill. 

Lumber  Preparation 

Depending  upon  the  footage  to  be  glued  per 
day,  the  short-length  rough-end  mill  starts 
with  a  single  or  a  double  line  at  the  lumber 
lift.  A  single  line  will  cut  about  10,000  feet 
per  day,  while  the  double  line  approximately 
doubles  that.  With  a  single  line,  we  have  a 
conveyor  at  the  lumber  lift  equipped  with  a 
hydraulic  cut-off  saw.  Here  the  lumber  is  cut 
to  desired  lengths.  Some  defects  are  also  cut 
out.  Incidentally,  a  rip  saw  can  be  easily  put 
into  a  single  line  set-up,  for  the  purpose  of 
splitting  wide  stock  that  is  cupped  or  twisted. 
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TYPICAL  SHORT  LENGTH 
ROUGH  END  MIU 
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This  is  a  decided  advantage  where  this  condi¬ 
tion  exists  to  any  appreciable  degree. 

Whether  or  not  this  "busting”  saw  is  used, 
the  boards  next  proceed  over  a  roller  conveyor 
and  into  a  facing  planer.  The  facing  planer 
faces  one  side  of  the  stock  to  provide  a  flat 
lower  working  surface.  The  stoA  then  feeds 
along  to  a  single  planer  where  it  is  planed  to 
thickness.  The  thickness  can  be  much  closer  to 
the  final  finished  thickness  than  was  heretofore 
the  practice,  because  the  automatic  edge-gluing 
operation  to  follow  will  produce  a  flat  panel 
with  flush  surfaces.  This  means  that  much  less 
stock  needs  to  be  removed  in  the  final  planing 
in  order  to  clean  up. 

If  a  double  line  is  used,  two  saw  infeed 
tables  are  provided,  one  on  each  side  of  the 
lumber  lift.  Two  cut  off  saws  are  used,  each 


equipped  with  a  cross-feed  conveyor  on  the  dis¬ 
charge  side.  These  cross-feed  conveyors  trans¬ 
fer  the  cut  lumber  to  the  infeed  conveyor  of 
the  facing  planer.  The  balance  of  this  phase  of 
the  operation  is  then  as  already  described.  In 
the  ideal  layout,  the  next  step  is  edge-jointing 
the  boards  in  a  glue  jointer.  This  machine  is 
equipped  with  automatic  return  feed.  The  stock 
is  then  conveyed  to  a  battery  of  straight  line 
rip  saws.  Here  the  defects  are  cut  out.  Angling 
cuts  are  the  rule,  in  order  to  increase  the  yield 
of  usable  lumber. 

Edge  Gluing  in  Batch  and  Batch- 
Continuous  Presses 

If  the  lumber  is  then  to  be  glued  up  in  batch 
presses  or  in  a  batch-continuous  press,  the  next 
step  is  to  match  to  width.  This  job  is  best  done 
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on  a  separate  matching  saw  of  the  conventional 
Tpe. 

Following  this,  the  lumber  cores  or  panels 
are  passed  over  a  conveyor  glue  spreader  and 
are  assembled  on  the  lay-up  table  of  the  batch 
press.  When  the  assembly  is  completed  and 
vhen  the  press  has  automatically  opened  at  the 
ond  of  the  curing  cycle,  the  operator  feeds  the 
fresh  assembly  into  the  press.  This  simultane¬ 
ously  pushes  out  the  finished  panels.  The 
"start”  button  is  then  pressed,  causing  the  top 
and  side  cylinders  to  apply  surface  and  edge 
pressures,  following  which,  the  high  frequency 
generator  starts  automatically.  At  the  end  of 
the  cycle — usually  20  to  60  seconds — the  gen¬ 
erator  times  out  and  stops  and  the  side  and 
top  cylinders  retract.  The  cycle  is  then  re¬ 
peated.  In  this  type  of  press,  high  frequency 
heating  is  usually  faster  than  steam  heating, 
which  explains  why  practically  all  of  the  batch 
presses  in  existence  are  H.  F,  heated.  To  put 
this  another  way,  the  size  of  the  assembly  table 
in  a  batch  press  equals  the  size  of  the  press. 
It  would  be  possible,  for  instance,  to  build 
a  4  ft.  by  24  ft.  steam  heated  batch  press  which 
would  produce  as  much  as  or  more  than  a  4  ft. 
by  8  ft.  high  frequency  batch  press.  .However, 
the  assembly  would  be  a  problem.  High  fre¬ 
quency  also  has  the  advantage  that  it  does  not 
appreciably  heat  the  wood  in  this  operation.  It 
has  the  disadvantage  that  it  does  not  cure  the 
squeezed-out  resin. 

The  operation  of  the  batch-continuous  press 
is  practically  identical  with  the  regular  batch 
press  in  that  the  panels  are  assembled  on  a  feed 
table  equipped  with  pusher  bar.  The  pusher 
bar  starts  the  panels  between  upper  and  lower 
feed  rolls.  At  this  point,  traveling  clamps  ap¬ 
ply  the  side  pressure  and  convey  the  cores 
through  the  machine  and  under  a  floating  elec¬ 
trode.  No  flattening  or  downward  pressure  is 
applied  beyond  the  infeed  rolls,  which  pre¬ 
supposes  unusually  exact  preparation  of  the 
lumber. 

Edge  Gluing  in  Continuous-Feed  Presses 

If  the  gluing  of  the  lumber  is  done  in  a 
continuous  feed  automatic  lumber  press,  the 
pre-matching  to  width  operation  required  with 
batch  presses  is  almost  always  eliminated.  The 
automatic  cut-off  saw  on  the  lumber  press  per- 


fomns  this  sizing  operation.  The  exception  to 
the  rule  is  when  gluing  up  lumber  for  solid 
tops,  where  it  is  desirable  to  have  selected 
outer  rails. 

In  a  typical  automatic  lumber  press  opera¬ 
tion,  the  spreader  feeder  takes  a  handful  of 
boards  and  stands  them  on  edge  on  the  con¬ 
veyor  spreader.  This  brings  the  boards  directly 
in  front  of  the  press  operator  who  grasps  them 
and  riffles  them  out  on  the  feed  table,  butting 
one  end  against  an  adjustable  end  guide.  When 
desired,  two  or  more  rows  of  short  stock  are 
run  side  by  side.  With  this  type  of  machine, 
the  lumber  is  constantly  moving  away  from  the 
operator.  This  is  the  reason  why  these  machines 
are  markedly  faster  in  production  than  batch 
type  machines. 

As  the  lumber  is  conveyed  over  the  feed 
table,  it  enters  between  pairs  of  upper  and 
lower  pressure  chains.  This  caterpillar  tractor 
type  of  feed  forces  the  lumber  between  pairs 
of  top  and  bottom  steam-heated  hot  plates. 
This  is  the  curing  section,  where  the  resin  glue 
is  set  as  the  stock  travels.  At  the  rear  end  of 
the  curing  section  is  located  a  series  of  hy¬ 
draulically  actuated  pressure  shoes.  These  op¬ 
pose  the  forward  movement  of  the  lumber  and 
in  so  doing  build  up  any  desired  pressure  be¬ 
tween  the  joints.  At  the  same  time,  the  upper 
steam  platens  rest  on  the  stock  as  it  moves 
under  them,  thereby  holding  all  boards  per¬ 
fectly  flat  and  flush  while  the  glue  is  setting. 

As  the  continuous  ribbon  of  stock  emerges 
from  the  pressure  shoes  and  slides  out  on  a 
run-out  table,  the  end  of  the  now  glued- 
together  boards  trips  an  adjustable  target.  An 
automatic  cross-traveling  rip  saw  then  cuts  off 
the  desired  width  of  core  or  panel.  Since  the 
saw  is  also  traveling  forward  at  the  same  speed 
as  the  stock,  there  is  no  interruption  in  the 
feeding  of  the  stock.  As  the  saw  completes  its 
cut,  it  lifts  to  an  upper  return  track  and  travels 
back  across  the  width  of  the  machine  to  its 
starting  point  where  it  is  ready  for  the  next  cut. 
This  sizing  saw,  which  determines  the  width  of 
the  core  or  panel,  is  entirely  automatic  and  will 
cut  one  or  more  rows  to  equal  width.  After 
the  cores  have  been  cut  to  width,  the  off-bearer 
either  dead  piles  or  stick  piles  them. 

After  they  have  cooled  down  sufficiently,  the 
dimensioned  cores  are  ready  for  the  finishing 
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planer.  If  desired,  they  may  be  planed  while 
still  warm.  There  is  no  danger  of  sunken  joints 
appearing  later  for  the  resin  glue  is  very  low 
in  water  content  and  the  joint  is  set  under 
steam  heat  which  rapidly  vaporizes  excess  glue 
moisture. 

Automatic  lumber  presses  are  steam  heated 
because  it  is  essential  that  they  be  kept  clean. 
If  high  frequency  heating  were  used,  the  elec¬ 
trodes  would  gum  up  and  interfere  with  proper 
operation.  Steam  platens,  on  the  other  hand, 
keep  the  machine  clean  automatically  because 
the  squeezed  out  resin  will  not  stick  to  the  hot 
metal.  > 

New  Developments  in  Edge  Gluing 

A  1948  development,  which  was  platmed  for 
several  years,  was  the  placing  into  operation  of 
an  automatic  lumber  press  equipped  with  high 
frequency  heating  behind  the  steam  platens. 


This  is  a  standard  steam  heated  machine  from 
which  one  of  three  lower  steam  platens  was  re¬ 
moved.  In  its  place  was  installed  an  insulated 
electrode.  This  was  the  so-called  "hot”  elec¬ 
trode.  The  balance  of  the  machine  was  the 
other  or  ground  electrode.  Thus,  the  lumber  is 
first  heated  by  the  steam  platens.  This  cures  the 
squeezed-out  and  also  a  portion  of  the  glue  in 
the  joint.  When  the  stock  then  moves  over  the 
"hot”  electrode,  the  balance  of  the  glue  is 
cured  almost  instantly. 

This  combination  machine  has  been  run  at 
speeds  as  high  as  20  lineal  feet  per  minute. 
Obviously,  it  is  so  fast  that  only  relatively  wide 
stock  can  keep  up  with  it. 

The  lumber  cutting  and  gluing  methods  de¬ 
scribed  are  today  becoming  the  standard  oper¬ 
ating  procedure  in  the  most  modern  and  pro¬ 
gressive  furniture  and  woodworking  plants. 
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Experiments  in  Rotary  Veneer  Cutting* 

H.  O.  Fleischer 

Technologist,  Forest  Products  Laboratory^  Forest  Service,  U.  S.  Department  of  Agriculture 

This  paper  sununarizes  the  results  of  an  extensive  series  of  tests  on  a  number  of  woods  to  determine  the 
effect  of  several  major  variables  in  the  rotary  veneer-cutting  process  on  the  qtialky  of  veneer  produced. 
Variables  studied  under  knife  angle  adjustment  were:  veneer  thickness,  effea  of  species,  and  log  diameter. 
The  effect  of  vertical  and  horizontal  opening  of  the  nosebar  also  was  studied.  The  cutting  action  of  the  knife 
and  quality  of  veneer  produced  under  several  conditions  of  knife  angle  and  nosebar  pressure  are  illustrated. 
A  number  of  general  principles  relating  to  factors  affecting  veneer  quality  are  discussed  and  guides  to  quality 
production  are  given. 


Introduction 

HE  term  "veneer”  is  used  to  describe 
relatively  large,  thin  sheets  of  wood  used 
to  make  plywood,  containers,  furniture 
surfaces,  battery  separators,  porch  shades,  and 
many  other  products.  Most  veneer  is  cut  on  a 
lathe  by  the  rotary  process;  that  is,  the  log  is 
revolved  against  a  knife  and  the  veneer  comes 
from  it  in  a  continuous  sheet,  much  as  paper 
is  unrolled.  Some  veneer  is  also  cut  by  a  slic¬ 
ing  process,  in  which  the  log  is  moved  across 
the  knife  and  the  veneer  is  obtained  in  rela¬ 
tively  narrow  sheets.  To  a  limited  extent  veneer 
is  also  cut  on  a  saw  by  a  process  similar  to  saw¬ 
ing  lumber  (5). 

This  report  deals  with  Forest  Products  Lab¬ 
oratory  experiments  designed  to  study  certain 
variable  factors  in  the  rotary  veneer-cutting 
process,  such  as  the  angle  of, the  knife  in  rela¬ 
tion  to  the  log  and  the  role  of  the  nosebar  in 
applying  pressure  to  the  wood  during  cutting. 
Although  the  work  was  performed  entirely  on 
a  rotary  lathe,  some  of  the  results  may  have 
application  also  in  connection  with  veneer 
slicers,  since  the  slicing  process  is  basically 
similar  to  the  rotary-cutting  process. 

Description  of  the  Rotary-Cutting  Process 
and  of  Terms  in  Common  Use 

The  most  important  parts  of  the  rotary  lathe, 
with  respect  to  controlling  the  quality  of  the 
cutting,  are  the  knife  and  the  nosebar  (3). 
These  are  mounted  in  a  carriage  that  moves 
ahead  a  distance  equal  to  the  thickness  of  the 
veneer  being  cut  each  time  that  the  bolt  re¬ 
volves  once  in  the  lathe.  Fig.  1  shows  a  rotary 

*  Presented  by  title  only. 

^Maintained  at  Madison,  Wisconsin,  in  coopera¬ 
tion  with  the  University  of  Wisconsin. 


lathe  in  operation,  with  the  veneer  being  wound 
on  a  drum  as  it  comes  from  the  knife.  Fig.  2 
shows  an  enlarged  view  of  the  knife,  the 
veneer,  and  the  nosebar  in  their  relative  posi¬ 
tions  during  an  actual  cutting  operation. 

As  the  veneer  is  cut  it  must  bend  sharply  be¬ 
cause  of  the  wedging  action  of  the  knife.  The 
angle  to  which  the  knife  is  ground  must  there¬ 
fore  be  kept  as  acute  as  possible,  the  minimum 
being  that  required  to  provide  sufficient  sup¬ 
port  for  its  edge  and  to  prevent  undue  deflec¬ 
tion  and  breakage. 

The  knife  is  generally  set  in  the  lathe  with 
its  edge  horizontally  in  line  with  the  centers  of 
the  spindles  that  support  the  bolt,  and  with 
its  face,  or  ground  side,  approximately  vertical 
and  tangent  to  the  bolt  at  the  point  of  cutting. 
The  wood  generally  is  somewhat  compressed 
at  this  point,  and  there  is  a  certain  amount  of 
rubbing  or  "bearing"  of  the  wood  on  the  face 
of  the  knife,  as  shown  in  Fig.  2.  On  the  back, 
or  flat  side,  of  the  knife,  on  the  other  hand, 
there  is  also  a  great  deal  of  bearing,  down  to  a 
point  where  the  veneer  leaves  the  knife  surface 
to  pass  out  of  the  lathe. 

l^cause  the  wood  is  bent  at  the  knife  edge 
it  has  a  tendency  to  break  or  split.  The  char¬ 
acteristic  breaks  are  known  as  "lathe  checks”, 
and  always  extend  inward  from  the  under  side, 
or  "loose  side”,  of  the  veneer  (Fig.  2).  The 
opposite  side  of  the  veneer  sheet  is  known  as 
the  "tight  side”  and  is  the  surface  that  is  gen¬ 
erally  exposed  in  the  plywood  panel,  except 
when  a  part  of  the  face  veneer  is  reversed  for 
the  matching  of  grain  or  figure.  Veneer  that  is 
relatively  free  from  lathe  checks  is  spoken  of  as 
"tight”  or  "firm”. 

The  conventional  nosebar  is  ground  at  a 
blunt  angle  and  may  be  kept  relatively  sharp 
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Fig.  1. — ^The  Forest  Products  Laboratory  veneer 
lathe  in  operation. 


or  may  be  allowed  to  become  quite  rounded  at 
the  tip.  Some  lathes  are  equipped  with  roller 
nosebars.  The  nosebar  is  intended  to  apply  a 
compressive  force  to  the  outer  surface  of  the 
bolt,  just  above  the  edge  of  the  knife.  The 
functions  of  the  nosebar  are  to  guide  the  knife 
in  its  true  position  with  relation  to  the  outer 
surface  of  the  log,  to  compress  the  wood  ahead 
of  the  knife  and  thus  keep  it  from  splitting 
ahead  of  the  knife,  and  to  compress  the  wood 
sufficiently  at  and  slightly  below  the  point  of 
cutting  so  that  lathe  checks  are  not  exces¬ 
sive  (2). 

The  control  of  cutting,  as  reflected  in  the 
quality  of  the  veneer,  involves  the  maintenance 
of  uniformly  true  thicknesses  as  the  cutting 
progresses,  smoothness  of  the  surfaces,  and 
"tightness”,  or  freedom  from  excessive  lathe 
checking.  Care  must  also  be  taken  that  the 
wood  is  not  overcompressed  to  the  point  where 
it  fails  to  recover  to  its  proper  thickness  after 
cutting,  and  that  it  is  not  ruptured  during  cut¬ 
ting  along  the  plane  between  the  springwood 
and  summerwood,  or  injured  in  other  ways. 
The  quality  of  the  veneer  may  be  affected  by 
a  great  many  factors,  including  the  type  and 
condition  of  the  wood,  the  condition  of  the 
lathe,  and  the  manner  in  which  the  various 
knife  and  nosebar  adjustments  are  made. 

Experimental  Procedure 

Various  native  species  of  wood  have  been 
cut  experimentally  into  veneer  at  the  Forest 
Products  Laboratory,  over  a  period  of  years. 


Although  the  primary  objective  of  much  of  this 
work  has  been  to  determine  the  suitability  of 
certain  species  for  veneer  cutting  or  to  produce 
veneer  for  test  purposes,  it  has  nevertheless 
afforded  opportvmity  to  accumulate  consider¬ 
able  data  on  cutting  variables. 

Before  adequate  records  could  be  kept,  it 
was  necessary  to  develop  ways  and  means  of 
measuring  and  recording  the  various  settings 
conveniently,  since  there  are  no  generally 
accepted  standard  means  of  doing  this.  The 
terminology  used  is  illustrated  diagrammatically 
in  Fig.  3. 

The  lathe  knives  used  for  most  of  these 
studies  had  hardened  tool-steel  edge  inserts  of 
medium  temper  and  were  carefully  ground  and 
honed.  Each  knife  was  %  inch  thick,  ground 
to  a  bevel  such  that  the  width  of  its  ground 
face  was  1-13/16  inches.  The  angle  of  the 
bevel  was  then  20  degrees,  10  minutes.  The 
grinding  was  done  with  a  cup-shaped  wheel  so 
set  as  to  provide  a  concave  surface  with  a 
maximum  depression  of  0.002  inch.  'When  first 
positioned  in  the  carriage,  the  knife  was  ad¬ 
justed  so  that  its  edge  was  horizontally  in  line 
with  the  spindle  centers  and  its  face  was  truly 
vertical  when  measured  with  a  hand  level  held 
vertically  against  it  and  touching  it  at  its  tip 
and  its  heel.  The  angle  referred  to  in  Fig.  3 
as  the  “knife  angle”  was  then  90  degrees. 

During  the  course  of  the  cutting  the  carriage 
could  be  tilted  in  such  a  way  that  the  knife 
angle  changed,  and  often  it  varied  as  much  as 
2  degrees  above  or  below  90  degrees,  during 
the  course  of  a  single  experimental  run.  Once 
the  knife  was  properly  set  up,  its  position  could 
be  quickly  determined  by  means  of  a  vernier 
scale  attached  to  the  carriage,  as  shown  in 
Fig.  4,  which  indicated  the  knife  angle  directly. 
The  lathe  was  also  equipped  with  an  arrange¬ 
ment  that  provided  for  a  certain  amount  of 
change  automatically  in  the  knife  angle.  In 
most  of  the  studies,  however,  this  automatic 
feature  was  not  used;  to  maintain  constant 
control  of  knife  angles,  the  adjustments  were 
in  most  cases  made  by  hand  as  the  need  for 
them  became  evident. 

The  nosebar  used  was  a  rigid  steel  bar  with 
its  front  edge  generally  ground  at  an  angle  of 
15  degrees  from  a  vertical  plane  (Fig.  3). 
When  the  nosebar  was  first  mounted  in  the 
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Fig.  3. — Diagram  showing  cross  section  of  lathe  carriage  and  veneer  bolt,  and  illustrating 

the  terminology  used. 


lathe  it  was  set  only  a  limited  distance  above 
the  knife  edge,  and  alined  with  it  by  sight 
and  touch.  This  truing-up  operation  is  the 
most  critical  one  in  setting  up  the  lathe,  and 
'must  be  done  in  such  a  way  that  the  knife  and 
nosebar  are  in  true  alinement  along  the  entire 
cutting  length  (2),  (5),  (4)-  Sometimes,  dur¬ 
ing  the  cutting,  readjustments  were  necessary 
to  provide  for  thermal  expansion  that  had 
occurred  in  the  parts. 


Both  the  vertical  distance  and  the  horiaontal 
distance  between  the  lower  tip  of  the  nosebar 
and  the  edge  of  the  knife,  known  respectively 
as  the  "vertical  bar  opening”  and  the  "hori¬ 
zontal  bar  opening”  (Fig.  3),  varied  according 
to  the  cutting.  To  permit  rapid  measurement 
of  the  horizontal  opening  on  the  lathe,  an  in¬ 
dicating  needle  was  attached  to  the  screw  that 
moved  the  pressure  bar  horizontally  in  relation 
to  the  knife  bar;  the  needle  was  set  at  zero 
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Fig.  4. — Reading  knife  angle  on  vernier  scale  of 
experimental  veneer-cutting  lathe. 


when  the  knife  and  nosebar  were  first  put  in 
the  lathe  and  when  the  nosebar  edge  was  in 
true  alinement  with  and  adjacent  to  the  knife 
edge.  Thereafter,  as  the  nosebar  was  adjusted, 
its  position  in  relation  to  the  knife  could  be 
read  directly  from  the  needle  (Fig.  5). 

Ordinarily,  the  speed  at  which  the  veneer 
comes  from  the  lathe  varies  somewhat  as  the 
diameter  of  the  bolt  in  the  lathe  decreases.  In 
laboratory  studies  an  attempt  was  made  to  main- 


Fig.  5. — ^Needle  attached  to  screw  that  moves  pres¬ 
sure  bar  horizontally,  indicating  relative  position  of 
bar  witli  respect  to  knife  edge. 


tain  the  speed  within  a  limited  range.  Although 
no  instruments  were  regularly  used  to  ch^ 
the  speed,  an  occasional  check  was  made  with 
a  tachometer.  In  general,  a  speed  of  about  125 
to  150  feet  (linear)  per  minute  was  main¬ 
tained. 

Size  and  Scope  of  the  Studies 

Records  have  been  kept  at  the  Forest  Prod¬ 
ucts  Laboratory  on  the  cutting  of  approxi¬ 
mately  1,300  veneer  bolts.*  Approximately  800 
of  these  were  yellow  birch,  150  were  yellow- 
poplar,  70  were  sweetgum,  50  were  Douglas- 
fir,  and  the  remainder  were  of  other  species 
represented  in  smaller  numbers.  About  560 
bolts  were  cut  into  l/l6-inch  veneer,  320  into 
1/8-inch  veneer,  95  into  1/32-inch  veneer,  80 
into  1/1 00-inch  veneer,  and  the  remainder  into 
various  other  thicknesses  up  to  5/l6  inch. 

Records  were  made  of  the  temperature  at 
which  the  bolts  were  heated,  the  bevel  and 
condition  of  the  knife  and  the  nosebar,  the 
settings  of  the  knife  and  the  nosebar,  and  other 
factors  peculiar  to  the  species.  The  initial  work 
on  a  species  generally  involved  investigation 
of  the  species  variables  to  determine  the  condi¬ 
tions  required  for  optimum  veneer  production. 
On  some  species,  such  as  birch,  where  much 
veneer  was  required  for  various  testing  pro¬ 
grams  in  the  Laboratory,  opportunity  existed 
to  check  the  early  conclusions  on  a  large  volume 
of  material. 

This  report  covers  only  the  major  variables 
pertaining  to  the  lathe  operation  itself.  It  does 
not  include  such  other  aspects  of  the  problem 
as  the  effect  of  the  temperature  of  the  wood,  its 
moisture  content,  its  density,  and  other  factors. 
The  subject  of  heating  veneer  logs  to  prepare 
them  for  cutting  has  been  covered  in  a  previ¬ 
ous  paper  (1). 

Generally  the  majority  of  bolts  of  any  spe¬ 
cies  were  cut  at  what  was  found  to  be  the  opti¬ 
mum  cutting  temperature,  and  the  results  dis¬ 
cussed  here  refer  in  most  cases  to  material  cut 
in  this  condition.  Yellow  birch  logs,  for  exam¬ 
ple,  were  regularly  heated  in  water,  first  at 
120°  F.  for  a  period  of  about  24  hours,  then 
at  160°  F.  for  a  period  of  16  hours  or  longer. 
In  most  cases,  with  bolts  averaging  about  20 

*The  early  work  reported  here  was  done  by  Don 
Brouse  and  Lincoln  A.  Mueller. 
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inches  in  diameter,  those  portions  of  the  yellow 
birch  bolts  under  consideration  here  were  with¬ 
in  10“  to  15“  of  160“  F. 

The  results  discussed  in  this  report,  unless 
otherwise  stated,  apply  to  bolts  that  were  12 
to  20  inches  in  diameter,  or  to  portions  of 
bolts  between  these  diameters. 

Evaluation  and  Variability  of  Results 

The  most  difficult  aspect  of  the  experimental 
work  lay  in  the  evaluation  of  the  results  ob¬ 
tained.  At  present  there  are  no  simple,  easily 
applied,  objective  standards  for  measuring  the 
quality  of  veneer.  The  two  quality  factors  that 
vary  most  readily  as  the  lathe  settings  are 
changed  are  the  tightness,  or  degree  of  freedom 
from  lathe  checking,  and  the  smoothness  of  the 
veneer.  The  cutting  quality  obtained  was  there¬ 
fore  evaluated  subjectively  and  described  by 
means  of  such  terms  as  "tight”  or  "loose”  and 
"rough”  or  "smooth”.  It  is  readily  apparent 
that  there  is  certain  to  be  a  great  deal  of  varia¬ 
tion  in  the  results  due  to  the  human  factor, 
especially  since  the  results  were  collected  over 
a  period  of  years  and  by  different  people. 

The  other  most  important  source  of  variabil¬ 
ity  lies  in  the  material  under  study.  Bolts  of  the 
same  species  vary  in  diameter,  density,  hard¬ 
ness,  and  moisture  content;  bolts  of  different 
species  display  a  variety  of  structural  features 
ranging  from  microscopic  differences  in  cell 
structure  to  coarse  differences  in  grain  pattern. 
The  problem  of  isolating  a  single  variable  fac¬ 
tor,  such  as  knife  angle,  and  drawing  conclu¬ 
sions  that  will  be  applicable  to  a  wide  range 
of  species  thus  becomes  difficult. 

Consequently,  the  results  presented  in  this 
report  are  tentative  in  character  and  may  be 
modified  as  further  work  is  done  and  more 
accurate  methods  of  measuring  veneer  quality 
are  developed. 

Results 

Knife  Angle  Adjustments 

Tbe  effects  of  angle  adjustments.  For  each 
species  and  thickness  of  veneer  cut,  records 
were  kept  of  what  appeared  to  be  the  most 
suitable  knife  angles  for  producing  smooth  and 
uniformly  thick  veneer.  Fig.  6  is  a  graphic 
summary  of  results  obtained  in  a  large  number 
of  tests  on  a  number  of  species.  For  ^-inch 
veneer,  knife-angle  settings  varying  from  89 


Numerals  indicate  superimposed  points. 

degrees,  30  minutes  to  90  degrees,  30  minutes, 
according  to  the  species,  were  found  to  be  most 
satisfactory.  For  l/l6-inch  veneer,  the  most 
satisfactory  angles  lay  between  89  degrees,  40 
minutes,  and  91  degrees,  15  minutes,  and  for 
1/100-inch  veneer  they  lay  between  90  degrees, 
50  minutes,  and  92  degrees,  30  minutes.  The 
graph  shows  a  definite  trend  toward  higher 
knife  angles  as  the  veneer  thicknesses  decrease. 

When  cutting  veneer  with  a  knife  angle  set¬ 
ting  that  was  too  low,  or,  in  terms  of  the 
trade,  when  there  was  "too  much  bearing”  on 
the  face  of  the  knife,  the  veneer  produced 
varied  in  thickness  in  waves  that  were  several 
feet  long.  For  example,  for  ^-inch  birch 
veneer  a  knife  angle  of  90  degrees,  0  minutes 
resulted  in  veneer  of  uniform  thickness,  but 
adjusting  the  knife  to  a  lower  angle  of  88  de¬ 
grees,  30  minutes  might  result  in  wavy  veneer 
in  which  the  thickness  might  be  as  much  as 
0.005  inch  over  and  under  the  desired  thick¬ 
ness.  When  cutting  thinner  birch  veneer,  such 
as  1/32-inch,  lowering  the  knife  angle  from  a 
satisfactory  one  of  90  degrees,  50  minutes  to 
90  degrees,  0  minutes  at  times  resulted  in 
veneer  that  varied  in  thickness  from  paper-thin 
to  about  twice  the  desired  thickness.  When  cut¬ 
ting  very  thin  veneer,  such  as  1/64-  or  1/100- 
inch,  the  knife  sometimes  cut  out  of  the  wood 
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Fig.  7. — ^Yellow  birch  A-inch  veneer  cut  with  a  knife-angle  setting  of  91  degrees,  50  minutes  (too  much 
"lead”),  displaying  pronounced  corrugations. 


entirely,  unless  its  angle  was  increased  suffi¬ 
ciently  to  overcome  this  tendency. 

On  the  other  hand,  as  the  knife  angle  for 
a  given  thickness  of  veneer  of  a  particular  spe¬ 
cies  was  increased,  a  limit  was  soon  reached 
beyond  which  a  further  increase,  or  more 
"lead”  of  the- knife  into  the  wood,  resulted  in 
cormgated  veneer.  In  this  veneer  the  waves 
were  very  short,  generally  only  to  %  inch 
from  crest  to  crest,  and  apparently  resulted 
from  a  rhythmic  vibration  of  the  knife  edge 
(Fig.  7).  It  was  probably  brought  about  be¬ 
cause  the  knife,  which  acts  as  a  wedge,  had  a 
tendency  to  dig  into  the  wood  when  tilted  too 
far;  therefore  it  alternately  dug  in  and  sprang 
back  to  its  normal  position.  The  difference  in 
thickness  of  the  veneer,  between  adjacent  crest 
and  trough,  sometimes  was  so  slight  as  to  be 
unmeasurable  with  commonly  used  instruments, 
but  in  other  cases  was  observed  to  be  up  to 
0.004  inch. 


That  the  corrugated  surface  was  caused  by 
the  action  of  the  knife,  rather  than  by  the 
nosebar,  was  shown  by  the  fact  that  when  a 
pronounced  corrugated  pattern  was  formed  on 
the  veneer,  it  was  also  observable  to  the  same 
pronounced  degree  on  the  surface  of  the  veneer 
bolt  in  the  lathe.  Furthermore,  it  was  often 
observed  that  the  pattern  of  waves  on  the  bark 
side  of  the  veneer  was  not  exactly  superimposed 
over  the  pattern  on  the  pith  side,  and  the 
veneer  did  not  always  vary  in  thickness  as 
much  as  was  indicated  by  a  visual  examination 
of  one  surface  only. 

Pronounced  corrugating  produced  by  a  knife 
angle  that  is  too  high  is  easier  to  detect  by 
eye  than  waviness  produced  when  the  angle  is 
too  low.  For  this  reason,  apparently,  many 
lathe  operators  prefer,  when  adjusting  the 
knife  to  cut  a  certain  thickness  of  veneer,  to 
adjust  the  angle  upward  to  a  point  where  wash- 
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boarding  first  begins  to  appear,  then  to  de¬ 
crease  it  slightly  and  proceed  to  cut  (5). 

Within  the  limits  funded  on  one  side  by 
the  angle  at  which  corrugating  occurred  and 
on  the  other  by  the  angle  at  which  wavy  veneer 
occurred,  there  was  sometimes  a  relatively  wide 
range  of  angles  throughout  which  veneer  of 
uniform  thickness  could  be  cut.  This  was  par¬ 
ticularly  true  for  the  thicker  veneer,  such  as  ^ 
inch,  whereas  for  very  thin  veneer,  such  as 
1 /100-inch  yellow  birch,  the  range  might  be 
only  15  to  30  minutes.  Within  this  range  the 
effect  of  varying  the  knife  angle  was  not  very 
pronounced  on  birch  nor  on  other  species,  and 
was  noticeable  chiefly  on  the  smoothness.  On 
softwoods,  minute  differences  in  smoothness 
were  often  impossible  to  detect  visually;  on 
hardwoods,  and  especially  on  such  uniform- 
textured  hardwoods  as  birch,  slight  tendencies 
for  the  fibers  to  "pick  out” — that  is,  tear  rather 
than  cut  smoothly — could  often  be  overcome  by 
lowering  the  knife  angle  as  little  as  5  or  10 
minutes.  This  roughness  due  to  torn-out  fibers 
was  particularly  pronounced  in  areas  of  irregu¬ 
lar  or  sloping  grain,  and  in  these  cases  could 
sometimes  be  overcome  or  diminished  by  de¬ 
creasing  the  angle  by  as  much  as  20  or  30  min¬ 
utes,  or  as  far  as  possible  without  encountering 
wavy  veneer. 

E^ect  of  veneer  thickness. — It  has  been  men¬ 
tioned  above  that  knife-angle  settings  between 

89  degrees,  30  minutes  and  90  degrees,  30 
minutes  were  suitable  for  cutting  excellent 
veneer  of  ^-inch  thickness,  whereas,  as  the 
thickness  of  the  veneer  decreased,  these  angles 
had  to  be  increased  (Fig.  6).  In  the  terminol¬ 
ogy  of  the  lathe  operator,  the  "bearing”  on  the 
face  of  the  knife  had  to  decrease  with  the 
veneer  thickness.  Thus  for  ^-inch  birch  veneer 
the  angle  that  generally  gave  satisfactory  veneer 
was  90  degrees,  for  l/l6-inch  it  was  90  de¬ 
grees,  20  minutes;  for  1/32-inch  veneer  it  was 

90  degrees,  50  minutes;  for  1/64-inch  veneer 
it  was  91  degrees,  30  minutes;  and  for  1/100 
inch  veneer  it  was  92  degrees,  30  minutes 
(Fig.  8A). 

E^ect  of  species. — ^When  working  with  a 
variety  of  species  the  results  obtained  were 
complicated  not  only  because  of  differences  in 
density,  grain  pattern,  etc.,  but  because  the  logs 
of  the  different  species  varied  in  diameters  and 


in  optimum  cutting  temperatures.  In  spite  of 
the  great  number  of  variables  involved,  for 
which  there  was  no  way  of- compensating,  the 
results  obtained  with  the  different  species  fol¬ 
lowed  similar  trends. 

Fig.  6  has  already  shown  that,  when  all 
species  cut  were  considered  together,  a  definite 
inverse  relation  between  knife  angles  and 
veneer  thicknesses  became  evident.  In  Fig.  8 
the  knife  angles  used  to  cut  satisfactory  veneer 
of  various  thicknesses  are  individually  plotted 
for  six  representative  species.  The  logs  of  each 
species  were  heated  according  to  what  was  con¬ 
sidered  a  proper  schedule  for  the  particular 
species.® 

In  every  case  the  inverse  relationship  previ- 
^  ously  pointed  out  existed,  but  between  the  spe¬ 
cies  there  were  some  differences  in  the  slopes 
of  the  curves.  The  curve  for  yellow  birch  (Fig. 
8)  has  already  been  described.  For  the  two 
softwoods  shown  in  Fig.  8,  Douglas  fir  and 
Sitka  spruce,  the  curves  representing  knife  an¬ 
gles  were  similar  to  that  for  birch.  In  the  case 
of  the  other  two  native  hardwoods  represented, 
sweetgum  and  yellow-poplar,  the  upward 
trends  of  the  curves  for  thinner  veneers  were 
less  pronounced.  Sweetgum  veneer  1/100  inch 
thick  was  cut  satisfactorily  with  a  knife  angle 
of  91  degrees,  40  minutes,  and  for  yellow- 
poplar  the  comparable  figure  was  only  90  de¬ 
grees,  50  minutes.  Among  hardwoods  of  uni¬ 
form  texture  the  variation  in  the  shapes  of  the 
curves  might  indicate  a  relation  to  wood  den¬ 
sity.  Among  woods  of  lesser  density,  such  as 
yellow-poplar,  it  was  not  necessary  to  increase 
the  knife  angle  sharply  as  the  veneer  thickness 
dropped  below  1/32  inch.  The  reason  for  this 
may  be  that  the  stresses  that  tend  to  deflect 
the  knife  edge  and  cause  it  to  cut  wavy  veneer 
are  not  so  great  with  the  less  dense  woods  as 
they  are  with  woods  of  greater  density. 

Not  all  species  included  in  the  veneer 
studies  at  the  Forest  Products  Laboratory  were 
cut  into  a  great  variety  of  veneer  thicknesses. 
In  some  cases  the  work  was  limited  to  only 
two  or  three  thicknesses,  and  sometimes  not 
enough  material  was  available  to  investigate 

*The  final  temperatures  attained  in  the  vat  for 
heating  the  species  shown  in  Fig.  8  were:  yellow 
birch,  160*  F.;  Douglas  fir,  180"  F.;  Sitka  spruce, 
unheated  (cut  at  room  temperature) ;  sweetgum, 
150*  F.;  yellow-poplar,  120*  F.;  and  khaya,  180*  F. 
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Table  1. — Knife  Angles  Used  to  Cut  •h-  and 
Vi-lNCH  Veneer  of  Various  Speoes,  When 
Log  Diameters  Were  12  to  20  Inches 

Knife  angle 


Specie* 

)^-inch  veneer 

)i-inch  veneer 

Aspen,  quakinc _ 

90®— 80' 

90®— 00' 

Biicb,  y^ow _ 

90®— 20' 

90®— 00' 

Cottonwood _ _  . 

90®— 00' 

89®— 40' 

Dou£las  flr  (old-crowth).. 

90®— 05' 

90®— 00' 

Fir,  white. _ _ 

'  H  ■  ■ 

89®— 50' 

Fir,  California  red _ 

89®— 60' 

Fir,  silver _ 

90®— 00' 

Hemlock,  western _ 

90®— 45' 

90®— 00' 

K^ya _ 

Larch,  western _ 

90®— 00' 

89®— 45' 

91®— 16' 

89®— 55' 

Maple,  suaar _ 

Oal^  California  black. ... 

.  90®— 10' 

90®— 00' 

-- 

90®— 25' 

Oak,  water  (from 
Louisiana) _ 

90®— 15' 

90®— 00' 

Oak,  water  (from 

Alabama) _ 

89®— 60' 

89®— 80' 

Oak,  white _ 

90®— 80' 

90®— 00' 

Pine,  Arizona _ 

91®— 00' 

90®— 80' 

Pine,  Ponderosa _ 

89®— 40' 

89®— 85' 

Pine,  Western  white _ 

89®— 65' 

89®— 46' 

Spruce,  En^mann _ 

Spruce,  Sitka _ 

89®— 45' 

89®— 80' 

90®— 86' 

90®— 10' 

Sweetmim _ 

90®— 05' 

89®— 40' 

Tanoak . . . 

90®— 80' 

89®— 45' 
89®— 60' 

Yellow-poplar _ 

•  90®— 10' 

thoroughly  the  eflFects  of  varying  the  knife  an¬ 
gles  over  a  wide  range.  Table  1,  however,  is 
a  tabulation  of  the  knife  angles  that  gave  sat¬ 
isfactory  results  when  cutting  l/l6-  and  Yg- 
inch  veneer  of  various  species.  The  log  diam¬ 
eters  involved  were  from  12  to  20  inches,  and 
in  every  case  the  logs  were  heated  at  the  tem¬ 
peratures  that  were  considered  the  optimum  for 
the  species. 

The  effect  of  log  diameter. — It  has  often 
been  said  that  as  the  diameter  of  the  log  de¬ 
creases  the  angle  of  the  knife  must  also  de¬ 
crease  in  order  that  "a  constant  bearing  be 
kept  on  the  knife”. ^2^  It  can  readily  be  seen 
from  Fig.  3  that  if  the  knife  angle  remains 
exactly  at  90  degrees  as  illustrated,  but  the 
diameter  of  the  log  decreases,  the  width  of  the 
strip  of  wood  that  bears  on  the  ground  surface 
of  the  knife,  referred  to  as  the  "bearing  on  the 
knife”,  will  decrease  (other  settings  remaining 
constant).  As  it  decreases  there  may  be  a  re¬ 
arrangement  of  the  stresses  that  aflFect  the  knife 
edge,  and  a  condition  may  eventually  arise  simi¬ 
lar  to  that  occurring  when  the  knife  is  tilted 
too  far  into  the  log.  In  other  words,  the 
stresses  tending  to  deflect  the  knife  edge  in¬ 
ward  overbalance  those  tending  to  force  it 
outward,  the  knife  edge  may  begin  to  chatter, 
and  corrugated  veneer  may  result.  In  accord¬ 
ance  with  this  theory,  some  lathes  have  been 
designed  to  provide  for  an  automatic  adjust¬ 


ment  to  decrease  the  knife  angle  as  the  car¬ 
riage  moves  inward  and  the  diameter  of  the 
bolt  being  cut  becomes  smaller.  The  design 
may  be  such  that  the  adjustment  goes  on  auto¬ 
matically  at  such  a  rate  that  the  bearing  on  the 
knife  will  remain  constant  throughout,  pro¬ 
vided  no  other  manual  adjustments  are  made. 

Experiments  at  the  Forest  Products  Labora¬ 
tory  have  also  indicated  that,  as  the  diameters 
of  the  bolts  in  the  lathe  decrease,  it  is  often 
necessary  to  decrease  the  knife  angle.  On  yel¬ 
low  birch,  for  example,  an  angle  i?etting  that 
was  satisfactory  at  a  20-inch  diameter  occa¬ 
sionally  resulted  in  some  roughness  over  areas 
of  irregular  grain,  or  even  in  corrugated  veneer, 
by  the  time  the  diameter  of  the  bolt  had 
dropped  to  less  than  12  inches.  On  l/l6-inch 
birch  veneer  a  reduction  of  the  knife  angle 
as  the  cutting  progressed  by  5  minutes  (or 
from  the  setting  of  90  degrees,  20  minutes 
shown  in  Fig.  8  to  a  setting  of  90  degrees, 
15  minutes)  was  generally  found  sufficient  to 
produce  good  veneer  at  the  lesser  diameters. 
In  cutting  ^-inch  birch  veneer,  such  an  adjust¬ 
ment  generally  was  not  necessary.  On*  1/100- 
inch  veneer,  on  the  other  hand,  the  angle  had 
to  be  reduced  in  some  cases  from  92  degrees, 
30  minutes  as  shown  in  Fig.  8  to  as  low  as 
91  degrees  at  a  6-inch  core,  in  order  to  main¬ 
tain  good  cutting  throughout. 

Experiments  on  khaya  logs  heated  in  water 
at  180®  F.  and  cut  into  veneer  of  various  thick¬ 
nesses  illustrated  this  effect  in  more  pronounced 
manner,  since  the  logs  were  of  larger  diameter 
than  the  birch  logs.  The  results  are  summar¬ 
ized  in  Fig.  8.  Two  knife-angle  curves  were 
developed,  one  showing  the  settings  found  suit¬ 
able  for  various  thicknesses  of  veneer  when 
the  cutting  commenced  and  the  log  diameters 
were  28  to  32  inches,  the  other  showing  the 
settings  when  the  logs  had  been  cut  down  to 
8-inch  diameters.  The  latter  curve  would  seem 
to  follow  approximately  the  same  pattern  as 
the  former,  but  lay  about  20  to  25  minutes  of 
a  degree  below  it. 

Mathematical  analysis  showed  that,  if  the 
knife  were  set  at  the  proper  angle  so  that  a 
bearing  of  1/10  inch  were  obtained  on  the 
ground  surface  of  the  knife  at  a  diameter  of 
30  inches,  this  angle  would  have  to  be  dropped 
by  about  30  minutes  in  order  to  retain  this 
1/10-inch  bearing  at  a  diameter  of  8  inches. 
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Other  knife-angle  variables. — ^Veneer  bolts 
of  certain  species  are  often  heated  in  order 
to  soften  the  wood  and  to  facilitate  the  cut¬ 
ting.  Various  amounts  of  heating  may  result 
in  different  stages  of  softness.  It  is  possible, 
therefore,  that  bolts  of  the  same  species  heated 
to  different  temperatures  might  cut  best  at  dif¬ 
ferent  knife  angles.  To  date,  however,  experi¬ 
ments  have  failed  to  show  that  this  factor  has 
a  pronounced  effect. 

In  one  case,  for  example,  a  series  of  five 
veneer  bolts  from  a  single  yellow  birch  log 
were  cut  into  l/l6-inch  veneer  after  being 
heated  at  a  variety  of  temperatures,  from  room 
temperature  (80®  F.)  to  180°  F.  As  each  bolt 
was  cut,  certain  predetermined  lathe  adjust¬ 
ments  were  systematically  made.  In  this  ex¬ 
periment  the  smoothest  veneer  was  cut  in  every 
case,  with  knife-angle  settings  of  90  degrees 
to  90  degrees,  30  minutes.  In  every  case,  re¬ 
gardless  of  temperature,  slight  traces  of  cor- 
mgating  began  to  appear  between  90  degrees, 
30  minutes  and  91  degrees.  There  was  some 
indication  that  th^  corrugating  was  more  pro¬ 
nounced  on  the  veneer  cut  from  the  bolts  that 
were  at  the  lower  temperatures,  but  the  effect 
was  not  pronounced. 

Other  factors,  not  considered  in  this  report 
may  have  some  effect  on  the  optimum  knife- 
angle  settings.  Some  of  these  may  be  the  bevel 
to  which  the  knife  is  ground,  whether  or  not 
the  knife  is  back-bevelled,  and  the  speed  of 
cutting. 


thick.  This  relationship  is  illustrated  in  Fig.  9. 
No  systematic  study  was  made  of  the  effect  of 
deviations  from  this  rule  of  thumb. 

In  isolated  instances  a  certain  amount  of 
roughness  occurred  in  yellow  birch  veneer  that 
was  attributed  to  setting  the  bar  too  high,  so 
that  there  was  some  opportunity  for  the  fibers 
to  split  or  tear  out  of  the  surface  ahead  of  the 
knife.  Reducing  the  nosebar  opening  to  0.025 
inch  for  ^-inch  veneer,  and  correspondingly 
for  some  other  thicknesses,  seemed  to  improve 
the  smoothness  of  the  veneer. 

Horizontal  opening  of  nosebar. — In  discuss¬ 
ing  horixontal  nosebar  openings,  it  must  be 
kept  in  mind  that  the  vertical  opening  varied 
according  to  the  thickness  of  the  veneer  being 
cut,  as  shown  in  Fig.  9.  If  the  vertical  open- 
-;^^ng  varied  greatly  from  that  shown,  some 
change  would  also  be  warranted  in  the  hori¬ 
zontal  opening,  since  the  degree  of  effective 
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Nosebar  Settings 

For  a  thorough  study  of  nosebar  settings  it 
would  be  desirable  to  measure  actual  pressures 
applied  to  the  wood  as  well  as  the  power  con¬ 
sumption  while  the  cutting  was  progressing. 
To  date,  however,  such  measurements  have 
not  been  made,  and  the  amount  of  pressure 
applied  by  the  nosebar  has  been  measured  only 
in  terms  of  the  opening  between  the  knife  edge 
and  the  nosebar  edge. 

The  vertical  opening  of  the  nosebar. — After 
a  limited  number  of  exploratory  tests  it  was 
found  that  suitable  cutting  could  be  obtained 
in  most  cases  by  varying  the  vertical  opening 
of  the  bar  approximately  according  to  the 
thickness  of  the  veneer,  from  a  low  of  0.005 
inch  for  1/100- inch  veneer  to  a  high  of  0.030 
inch  (almost  1/32  inch)  for  veneer  ^  inch 


Fig.  9. — Vertical  nosebar  openings  used  when  cutting 
various  thicknesses  of  veneer. 

pressure  on  the  wood  is  a  function  of  both 
the  horizontal  and  the  vertical  components. 

Limited  experiments  demonstrated  that, 
when  the  nosebar  was  withdrawn  to  the  point 
where  no  pressure  was  applied,  the  veneer  was 
often  rough  and  generally  contained  severe 
lathe  checks.  When  the  opening  between  the 
knife  and  the  nosebar  was  progressively  re¬ 
duced,  the  compression  eventually  became  so 
great  as  to  damage  the  wood,  even  though 
lathe  checking  might  have  been  eliminated  and 
the  veneer  made  much  smoother.  Gross  over¬ 
compression  could  be  detected  by  thickness 
measurements  on  the  veneer.  Thus,  when  cut¬ 
ting  nominal  l/l6-inch  birch  with  a  horizontal 
opening  of  0.040  inch,  average  veneer  thick- 
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Fig.  10. — Cutting  A-inch  yellow  birch  veneer  with  several  different  nosebar  settings.  A,  without  nosebar 
pressure  the  lathe  checks  and  the  roughness  of  the  surfaces  are  pronounced. 
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Fig.  lOC. — With  an  opening  of  0.270  inch  (86  percent  of  the  veneer  thickness)  the  tightness  and  smoothnes' 
were  excellent  but  the  wood  was  overcompressed. 
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ness  (green,  shortly  after  cutting)  was  only 
0.045  inch  instead  of  0.0625  inch;  nominal 
^•inch  birch  cut  with  an  opening  of  0.080 
inch  was  only  0.113  inch  thick  instead  of  0.125 
inch.  These  figures  indicate  that,  in  these  cases, 
the  veneer  had  been  compressed  beyond  the 
point  of  recovery  and  that  a  permanent  defor¬ 
mation  of  the  wood  fibers  might  have  taken 
place. 

Within  the  range  of  nosebar  settings  up  to 
the  point  where  overcompression  occurred,  it 
appeared  that  increasing  pressure  resulted  not 
only  in  greater  tightness  but  also  in  greater 
smoothness  of  the  veneer.  Both  of  these  eflFects 
are  illustrated  in  Fig.  10  for  three  nosebar 
settings  used  while  cutting  5/l6-inch  (0.3125- 
inch)  yellow  birch  veneer.  When  no  pressure 
was  applied  the  veneer  had  very  pronounced 
lathe  checks  and  its  surfaces  were  rough  (Fig. 


10,  A).  When  the  bar  was  moved  ahead  so 
that  the  horiaontal  opening  was  only  0.290 
inch,  checking  was  less  severe  and  the  veneer 
was  relatively  smooth  (Fig.  10,  B).  When  a 
still  higher  pressure  was  applied  to  the  veneer, 
with  a  horizontal  setting  of  0.270  inch,  the 
lathe  checks  were  almost  completely  eliminated 
and  the  veneer  was  smooth  (Fig.  10,  C).  In 
the  last  case  the  thickness  of  the  veneer  was 
reduced  slightly  because  of  overcompression. 
Within  the  range  of  bar  pressures  studied  at 
the  Forest  Products  Lalwratory,  increasing 
nosebar  pressure  regularly  resulted  in  increas¬ 
ing  tightness,  if  other  settings  were  held  con¬ 
stant;  the  effect  on  smoothness  was  not  always 
so  marked  and  regular,  but  was  most  pro¬ 
nounced  in  the  lower  range  of  pressures.  The 
degree  of  tightness  and  smoothness,  however, 
may  also  be  markedly  affected  by  the  tempera- 
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hire  of  the  wood  at  the  time  of  cutting  and  by 
other  factors  such  as  the  sharpness  of  the 
knife. 

The-eflFect  of  varying  the  nosebar  setting 
when  cutting  a  softwood  veneer  is  illustrated 
with  Western  hemlock  in  Fig.  11.  When  no 
pressure  was  applied  during  cutting,  the  sur¬ 
face  of  the  veneer  was  very  rough  (Fig.  11, 
A)  and  the  lathe  checks  were  very  pronounced. 
Moderate  pressures  gave  increased  smoothness 
Figs.  11,  B  and  C)  and  reduced  the  severity 
of  the  lathe  checks.  The  pressure  applied  when 
the  horizontal  opening  was  6/64  inch,  or  75 
percent  of  the  veneer  thickness,  gave  the  best 
results  in  this  case.  A  very  high  pressure  with 
a  nosebar  opening  of  5/^  inch  damaged  the 
wood  in  a  way  called  "shelling”  (Fig.  11,  D) 
which  became  apparent  inunediately.  Shelling 
can  be  described  as  the  loosening  of  thin  sliv¬ 
ers  or  sections  of  veneer  from  the  surface,  with 
the  separation  occurring  at  the  zone  between 
the  springwood  and  the  summerwood.  Appar¬ 
ently  it  occurs  because  overcompression  crushes 
the  thin,  earlywood  cells.  The  defect  is  most 
frequently  encountered  in  softwoods,  and  may 
not  become  apparent  until  the  veneer  has  been 
dried,  or  even  until  it  is  made  into  plywood. 
Shelling  is  less  likely  to  occur  in  wood  that 
has  been  properly  softened  for  cutting  by  heat¬ 
ing  than  in  wood  that  is  unheated. 

From  the  above  it  is  apparent  that  thin 
veneer  can  be  cut  without  damage  under  higher 
compression,  percentagewise  of  its  thickness, 
than  can  thick  veneer.  For  example,  when  cut¬ 
ting  l/l6-inch  birch  veneer,  overcompression 
occurred  when  the  horizontal  nosebar  opening 
was  64  percent  of  the  veneer  thickness;  when 
cutting  5/l6-inch  birch  veneer  it  occurred  at 
86  percent.  Because  of  the  concentration  of 
stresses  in  the  wood  at  the  tip  of  the  nosebar, 
it  is  reasonable  to  assume  that  a  damaging 
overcompression  of  the  surface  fibers  may  occur 
as  soon  as  the  bar  has  penetrated  the  wood  to 
a  certain  absolute  depth,  regardless  of  the 
veneer  thickness.  On  the  other  hand,  if  meas¬ 
ured  in  terms  of  veneer  thickness,  75  percent 
compression  would  require,  in  the  case  of  Yg- 
vich  veneer,  that  the  nosebar  compress  the 
wood  to  twice  the  depth  required  to  obtain  a 
compression  of  75  percent  in  the  case  of  1/16- 
inch  veneer.  Lathe  checking  is  more  easily  con¬ 


trolled,  by  applying  adequate  nosebar  pressures, 
without  danger  of  damaging  the  wood,  when 
cutting  thin  veneer,  therefore,  than  when  cut¬ 
ting  thicker  veneer. 

The  application  of  adequate  pressures  in  cut¬ 
ting  thicker  veneer  requires  the  utmost  skill 
and  judgment  on  the  part  of  the  lathe  oper¬ 
ator.  The  more  pressure  applied,  the  more 
power  consumed  in  cutting,  and  the  greater 
are  the  stresses  that  are  applied  to  the  log 
ends,  the  spindles,  and  the  bearings  of  the 
lathe.  Experience  has  also  shown  that  the  more 
the  wood  is  compressed,  the  more  readily  do 
slight  inaccuracies  in  lining  up  the  knife  and 
the  nosebar  result  in  irregularities  on  the  sur¬ 
face  of  the  bolt  that,  if  not  corrected,  grow 
with  each  revolution  until  the  bolt  assumes  a 
"barrel  shape”  or  develops  circumferential 
ridges  that  gradually  become  so  pronounced 
that  cutting  must  stop. 

For  a  similar  reason  grain  irregularities,  such 
as  the  distortions  occurring  around  knots,  also 
sometimes  caused  difficulty.  Because  of  partial 
end  grain  at  these  points,  the  wood  was  not  so 
readily  compressed  by  the  nosebar,  the  veneer 
was  thin,  and  an  excess  of  wood  was  built  up 
on  the  bolt  surface.  On  logs  having  a  fairly 
regular  grain,  however,  it  was  possible  to  apply 
high  nosebar  pressures  and  yet  avoid  these  dif¬ 
ficulties  by  careful  adjustment  of  knife  and 
nosebar  and  occasional  readjustments  after  the 
lathe  parts  had  heated  up. 

Rounding  the  leading  edge  of  the  nosebar 
on  a  ^-inch  radius,  in  preference  to  grinding 
it  to  a  sharp  edge,  was  studied  in  connection 
with  the  cutting  of  Western  hemlock.  In  this 
case  the  bar  was,  also  ground  at  a  12  degree 
angle  instead  of  15  degree  (Fig.  3).  The  use 
of  this  rounded  bar  did  not  seem  to  improve 
the  smoothness  of  the  veneer.  In  commercial 
use  it  would  probably  be  disadvantageous  be¬ 
cause,  the  blunter  the  bar,  the  more  wood  needs 
to  be  compressed  to  get  the  same  degree  of 
compression  at  the  desired  point.  Since  com¬ 
pression  is  difficult  to  gage,  it  is  likely  that 
the  lathe  operator,  in  setting  the  bar  by  "feel”, 
might  often  attain  less  compression  and  conse¬ 
quently  a  poorer  quality  of  veneer  than  with  a 
sharp-edged  bar. 
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Conclusions 

The  quality  of  rotary-cut  veneer,  as  evidenced 
chiefly  by  its  smoothness  and  tightness,  is  ap¬ 
preciably  affected  by  the  settings  or  adjustments 
of  two  parts  of  the  lathe,  the  knife  and  the 
nosebar. 

For  ^-inch  veneer  of  birch  and  many  other 
species,  a  knife-angle  setting  of  90  degrees — 
the  setup  obtained  when  the  ground  surface  of 
the  knife  is  in  a  vertical  plane  as  evidenced 
by  a  level  held  vertically  against  it — or  within 
30  minutes  plus  or  minus  from  this  figure,  was 
found  to  be  suitable  for  the  production  of  sat¬ 
isfactory  veneer.  Angle  settings  lower  than 
this — that  is,  when  the  "bearing”  on  the  knife 
surface  increased — resulted  in  veneer  that  was 
wavy  or  nonuniform  in  thickness.  Settings 
higher  than  this — that,  is,  when  the  "lead”  of 
the  knife  was  increased — resulted  in  corrugated 
veneer.  Within  limits  between  these  two  ex¬ 
tremes,  angle  adjustments  were  sometimes  effec¬ 
tive  in  improving  the  smoothness  of  the  veneer 
surface. 

When  veneer  thinner  than  Yg  inch  was  cut, 
the  knife  angles  used  to  produce  satisfactory 
veneer  became  progressively  higher.  This  rela¬ 
tionship  between  knife  angle  and  veneer  thick¬ 
ness  was  graphically  demonstrated  by  plotting 
the  angle  settings  used  to  cut  veneers  of  vari¬ 
ous  species  over  the  veneer  thicknesses. 

With  thin  veneer,  such  as  1/64-  or  1/100- 
inch,  the  knife  angles  had  to  be  increased  much 
more  with  such  species  as  yellow  birch  than 
with  others,  such  as  yellow-poplar.  This  may 
indicate  a  relationship,  at  least  among  the 
uniform-textured  hardwoods,  between  knife 
angle  and  wood  density.  In  some  cases  the 
knife  angle  had  to  be  decreased  as  the  diam¬ 
eter  of  the  log  decreased  while  being  cut.  This 
effect  was  noticeable  chiefly  on  logs  of  large 
diameter,  and  was  more  pronounced  when  cut¬ 
ting  thin  veneer  than  thick  veneer,  because  the 
thin  material  required  more  critical  adjustment 
of  knife  angles.  The  temperature  of  the  wood 
at  the  time  of  cutting  did  not  seem  to  affect 
the  knife  angle  pronouncedly. 

Reduction  of  the  horizontal  opening  between 
the  tip  of  the  nosebar  and  the  tip  of  the 
knife,  up  to  the  point  where  overcompression 
resulted  in  a  reduction  in  the  thickness  of  the 
veneer  being  cut,  was  effective  in  reducing  both 


the  severity  of  lathe  checks  and  the  roughness 
of  the  veneer.  Excessive  compression  in  the 
case  of  some  softwoods  resulted  in  shelling,  or 
slivering,  due  to  a  separation  between  the 
springwood  and  the  summerwood.  When 
heavy  nosebar  pressures  were  applied,  it  was 
important  that  the  various  adjustments  required 
to  cut  good  veneer  be  accurately  made,  as  any 
inaccuracies  in  settings  promptly  showed  up  in 
the  cutting.  Rounding  die  leading  edge  of  the 
nosebar  was  not  effective  in  improving  the 
quality  of  the  veneer  produced. 

It  is  thought  that  there  are  definite  relation¬ 
ships  between  the  various  parts  of  the  lathe  that 
affect  the  cutting  quality.  The  conclusions 
drawn  here  may  be  valid  only  if  the  various 
factors  are  considered  and  certain  variables  are 
held  constant,  such  as  the  bevel  of  the  knife, 
the  degree  of  hollow  grinding  of  the  knife, 
and  the  bevel  of  the  nosebar.  In  order  to  du¬ 
plicate  the  actual  settings  discussed  above  and 
to  obtain  comparable  results,  it  would  also  be 
necessary  to  have  the  lathe  in  excellent  condi¬ 
tion,  with  no  loose  or  worn  parts  to  permit 
unwarranted  movement,  and  the  knife  and 
nosebar  in  good  condition. 
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Discussion 

R.  K.  Stem  (Chester  B.  Stem,  Inc.) :  The 
points  brought  out  in  regard  to  angle  of  knife 
and  bar  and  their  relationship  to  the  position 
of  the  log  have  been  known  to  us  all  only 
through  a  trial  and  error  experience  and  only 
in  a  very  casual  way. 
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The  illustrations  both  photographic  and  dia- 
gramatic  are  the  best  we  have  seen  to  demon¬ 
strate  so  clearly  just  how  the  veneer  is  cut  from 
the  log  and  passes  through  the  cap.  For  a  long 
time  we  have  wanted  to  have  just  such  a  pic¬ 
ture  as  Mr.  Fleischer  shows  in  Fig.  2  of  the 
knife  engaging  the  wood  and  forcing  it  through 
the  caps.  Fig.  3  could  well  be  used  by  every 
veneer  mill  as  it  gives  a  most  complete  diagram 
of  the  entire  knife  and  bar  setup  and  the  rela¬ 
tion  to  the  caps  and  the  log. 

In  most  veneer  mills,  the  cutters  and  perhaps 
one  or  two  others  are  the  only  ones  intimately 
familiar  with  the  knife  and  bar  setup  of  a 
veneer  machine.  With  this  clear  illustration 
those  concerned  with  the  administration  of  the 
veneer  mill  can  also  become  familiar  with  these 
problems  and  will  in  all  probability  be  more 
inclined  to  see  that  a  scientific  approach  and  a 
more  exhaustive  study  be  made  of  their  own 
particular  veneer  cutting  procedures. 

This  paper  is  the  most  clear  and  scientific 
research  approach  ever  made  to  the  cutting  of 
veneer.  It  is  an  indication  of  what  should  be 
done  in  all  of  the  phases  of  veneer  production. 
It  encourages  the  writer  to  feel  that  a  scientific 
approach  can  be  made  to  all  of  our  procedures, 
such  as  the  effects  of  cutting  in  all  of  the  spe¬ 
cies,  a  study  of  the  qualities  most  desirable  in 
a  veneer  knife  and  bar,  such  as  hardness,  angle 
at  which  the  face  should  be  ground,  etc.,  the 
^  drying  of  various  species  and  thicknesses,  etc. 

E.  P.  Morris  (The  Coe  Manufacturing  Com¬ 
pany)  :  Since  the  beginning  of  the  veneer  in¬ 
dustry  there  has  been  a  need  for  technical  data 
on  rotary  cutting  of  veneers  into  various  thick¬ 
nesses  from  different  types  of  logs.  To  this 
date  many  of  the  important  factors  have  to  be 
learned  by  trial  and  error  method  on  the  part 
of  the  operators  with  the  result  that  the  num¬ 
ber  of  conclusions  are  almost  as  many  and 
varied  as  the  operators.  Because  of  the  many 
variables  even  in  blocks  from  the  same  tree 
much  less  in  the  many  kinds  of  timber  it  is 
doubtful  whether  it  will  ever  be  possible  to 
determine  exact  and  specific  recommendations 
for  each  and  every  condition.  However,  it  is 
possible  to  establish  certain  fundamentals  and 
we  think  that  Mr.  Fleischer’s  paper  is  a  splen¬ 
did  beginning  in  this  direction. 

James  S.  Bethel  (North  Carolina  State  Col¬ 
lege  of  Agriculture  and  Engineering) :  The 


author’s  study  represents  the  best  effort  to  date 
at  precisely  evaluating  veneer  cutting  tech¬ 
niques  on  a  scientific  basis.  Information  of  the 
kind  presented  is  long  overdue  and  its  avail¬ 
ability  should  make  possible  much  closer  con¬ 
trol  over  the  cutting  process  with  an  attendant 
improvement  in  the  uniformity  of  veneer 
quality. 

'The  vernier  scale  used  to  indicate  the  knife 
’angle  and  the  needle  indicator  on  the  pressure 
bar  adjusting  screw  should  be  adaptable  to  com¬ 
mercial  lathe  installations.  The  use  of  these 
setting  indicators  might  be  particularly  valu¬ 
able  where  inexperienced  operators  are  being 
used  or  when  a  single  lathe  set  up  man  must 
service  several  machines.  * 

The  author  explains  that  the  datat  upon 
which  this  study  was  based  were  collected  in¬ 
cidental  to  the  cutting  of  veneer  for  other  test 
purposed  which  probably  explains  some  gaps 
which  otherwise  might  have  been  expected  to 
be  filled.  Since  the  type  of  information  pre¬ 
sented  in  this  paper  is  urgently  needed  by  the 
veneer  and  plywood  industry  it  may  be  assumed 
that  the  study  will  be  continued  and  expanded 
and  accordingly  some  comments  on  the  direc¬ 
tion  in  which  such  expansion  might!  proceed 
are  perhaps  in  order.  The  most  obvious  addi¬ 
tion  which  might  be  made  to  this  investigation 
would  be  the  inclusion  of  more  information 
on  the  effect  of  knife  and  bar  settings  on  the 
quality  of  veneer  produced  in  thicknesses 
greater  than  ^-inch.  Mr.  Fleischer  indicates 
in  his  discussion  of  the  size  and  scope  of  the 
study  that  data  were  collected  on  thicknesses 
up  to  5/16  inch  and  at  one  point  discusses  and 
illustrates  the  effects  of  various  nose  bar  set¬ 
tings  on  the  cutting  of  5/l6-inch  birch  veneer. 
However,  the  statistical  data  presented  do  not 
extend  to  veneers  thicker  thart  Yg  inch.  Since 
many  of  the  most  critical  cutting  problems 
faced  by  veneer  and  plywood  manufacturers, 
in  the  southern  hardwood  industry  at  least,  in¬ 
volve  the  cutting  of  center  stock  in  such  thick¬ 
nesses  as  5/32,  1/6  and  3/16  inch  statistical 
data  covering  these  heavier  thicknesses  would 
be  valuable. 

Mr.  Fleischer  quite  properly  indicates  the 
present  lack  of  adequate  standards  for  measur¬ 
ing  veneer  quality.  In  future  expansion  of 
these  studies  it  would  appear  to  be  highly 
desirable  to  attempt  some  method  of  measur- 
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iiig  at  least  the  degree  of  tightness  of  cut. 
Some  measure  of  the  depth  or  frequency  of 
1  ithe  checks  or  their  eflFect  on  stren^  reduc¬ 
tion  might  prove  suitable  and  if  so  would  cer¬ 
tainly  add  to  the  utility  of  the  data. 

Other  variables  whose  eflFect  upon  uniform¬ 
ity  of  thickness!  and  tightness  and  smoothness 
of  cut  would  be  of  great  interest  are  the  angle 
of  knife  bevel,  the  amount  of  knife  concave, 
and  the  use  of  a  back  bevel. 

In  summary,  Mr.  Fleischer  has  made  a  very 
good  presentation  of  a  type  of  data  that  is 
needed  by  the  veneer  and  plywood  industry.  It 
is  to  be  hoped  that  this  research  will  be  con¬ 
tinued. 

Mr.  Fleischer:  Some  of  the  data  given  in  the 
report  may  seem  somewhat  pedantic  at  present, 
and  to  the  old-time  veneer  cutter  may  even 
appear  to  be  useless  baggage.  This  problem,  of 
whether  his  work  is  being  conducted  on  a  prac¬ 
tical  level  and  whether  it  will  provide  a  useful 
service  to  the  industry,  is  in  fact  one  that  con¬ 


RESEARCH  SOCIETY 


stantly  stares  the  investigator  in  the  face  when 
working  in  a  field  of  applied  science,  such  as 
veneer  cutting. 

It  was  therefore  gratifying  to  hear,  only  a 
short  time  ago,  of  one  veneer  plant  cutting 
softwood  veneer  on  a  large  scale,  where  lathe 
instrumentation  has  been  developed  to  a  high 
degree,  the  proper  lathe  settings  for  the  various 
species  and  thicknesses  of  veneer  being  ob¬ 
tained  by  actual  measurement  instead  of  "by 
feel”  or  by  subjective  "know-how”.  This  plant 
started  cutting  veneer  with  a  green  crew  some¬ 
what  over  a  year  ago.  At  flirst  much  veneer 
was  poorly  cut  and  wasted  because  of  inade¬ 
quate  knowledge  of  lathe  setups.  Yet  by  keep¬ 
ing  careful  records  of  those  settings  that  pro¬ 
duced  the  best  veneer  the  crew  was  able  to 
duplicate  these  correct  settings  every  time  the 
knife  was  changed,  and  as  a  result  the  veneer 
produced  is  now  reported  to  be  uniformly 
excellent.  It  is  very  encouraging  to  hear  of  one 
such  plant.  No  doubt  we  shall  hear  of  more 
as  time  goes  on. 
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Prime  Considerations  in  Molding  Plywood* 

Thomas  R.  Miles 
Consulting  Engineer,  Portland,  Oregon 

■  ''Molded  pljrwood*’  it  a  very  versatile  process  and  yields  simple,  strong,  graceful  products.  Misguided 
decisions  in  designing  molded  products  may  be  avoided  by  answering  a  wdl-establisheo  analytical  sequence 
of  questions.  Can  and  should  it  be  produced  in  molded  plywood?  At  reasonable  cost?  b  it  a  ^ood  product? 
Compound  curvature  is  to  be  avoided.  Resin  choice  is  important  for  produa  quality  and  producuon  simplicity. 
The  molding  method  determines  both  rate  of  produ'tion  and  qtudity.  Dies  are  prnerred  to  bag  molding.  Ibe 
designer  and  process  engineer  should  work  togetfaer  from  the  Start. 


Introduction 

OLDED  plywood”  as  a  process  is 
very  versatile  and  yields  simple,  grace¬ 
ful,  useful  products.  Too  often,  how¬ 
ever,  the  decision  to  use  this  method  for  a 
particular  product  is  rather  hasty  and  not  based 
on  a  thoughtful  study  of  the  limitations  of 
veneers  and  resins,  the  cost  of  tooling  and 
above  all,  the  final  product  cost.  This  paper 
presents  the  author’s  approach  in  reaching  a 
decision  while  the  item  is  still  in  the  product 
design  stage. 

When  we  use  the  term  "molded  plywood”, 
we  are  accurately  describing  a  methtid  of  pro¬ 
ducing  a  laminated  or  cross-banded,  simple-  or 
compound-curved  product  composed  of  veneers. 
Alternate  terms  such  as  "bent  plywood”, 
"curved  plywood”,  "shaped  plywood”  infer 
the  possibility  of  some  method  of  post-forming 
flat  plywood.  Henceforth  we  will  use  "molded 
plywood”  as  meaning  the  forming  of  glue- 
spread  veneers  to  a  predetermined  shape  and 
permanently  bonding  under  pressure,  usually 
accelerating  the  process  with  energy,  either  heat 
or  radio  frequency. 

Many  enterprising  individuals  create  prod¬ 
ucts,  usually  furniture  items,  which  may  have 
considerable  style,  apparent  simplicity  and 
sales  appeal.  Molded  plywood  has  been  very 
popular  in  this  field.  Various  handcraft  publi¬ 
cations  have  contributed  fuel  to  the  fire  by 
minimizing  the  inherent  complexity  of  the 
process.  Having  had  my  share  of  these  products 
to  complete  for  production  (or  modification)  I 
have  evolved  a  series  of  dieck  factors  which 
save  many  hours  of  discussion  and  thought, 
particularly  when  convincing  the  client.  The 
sequence  of  these  factors  tends  from  the  gen- 

*  Presented  by  title  only. 


eral  to  the  specific  and  experience  has  shown 
that  after  subjecting  a  product  to  this  treatmet 
the  engineering  job  is  essentially  complete,  a-, 
feasibility  has  been  established  from  both  pro 
duction  and  cost  standpoints. 

Reasons  for  Considering  Molded  Plywooii 

Considerations  of  style,  structure,  simplifica  ¬ 
tion  of  subsequent  production  and  assembl), 
and  product  improvement  can  logically  lead  to 
the  use  of  molded  plywood. 

Certain  styles  and  structural  objectives  can 
only  be  realized  by  molding.  This  is  particu¬ 
larly  true  in  modern  furniture  which  uses  both 
factors  simultaneously,  each  predicated  on  the 
other.  Where  structure  only  is  involved  as  in 
some  industrial  and  military  products,  the 
shape  and  complexity  are  inflexibly  set,  thus 
resolving  it  to  a  materials  and  manufacturing 
.problem.  In  many  instances  a  product  presently 
composed  of  pieces  with  involved  joints  may 
be  greatly  simplified  by  molding.  Often  a  con¬ 
venient  degree  of  restyling  will  result  or  can 
easily  be  effected.  The  elimination  of  intricate 
joint  preparation,  gluing  and  assembly  not  only 
reduces  cost,  but  often  increases  strength  and 
enlarges  the  choice  of  species  for  finishing  and 
customer  appeal.  Thus,  product  improvement  is 
also  accomplished. 

Of  course  the  situation  of  a  customer  speci¬ 
fying  molded  plywood,  for  reasons  of  his  own, 
is  frequently  encountered,  again  placing  the 
responsibility  of  processing  on  the  technical 
ingenuity  of  the  product  engineer. 

Fundamental  Limitations 
Compound  Curvature 

Perhaps  the  controlling  factor  in  the  desig-. 
of  molded  plywood  products  is  compound 
curvature,  that  is,  curvature  in  two  directioi  > 
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as  in  the  spherical  surface  of  a  ball.  Compound 
curvature  presupposes  a  material  that  will 
either  "draw”  or  compress  fairly  readily  in  any 
ciirection  without  rupture.  Metals  are  alloyed 
SI  ecifically  to  meet  these  requirements.  Plastics, 
rubber  and  other  homogeneous  materials  draw 
VC  ell  but  are  all  characterized  by  a  lack  of 
’\;rain”  and  are  for  the  most  part  "man-made” 
products  rather  than  natural.  Nature’s  vege¬ 
table  products  will  submit  to  single  curvature 
and  thus  simple  draw  and  compression  but  will 
not  deform  by  "flowing”  in  two  directions 
without  failure. 

Two  alternatives  are  open  to  the  product 
engineer;  The  first  and  most  expedient  is  to 
modify  the  design  to  simple  curvature.  In 
many  instances  this  can  be  done  with  almost 
no  apparent  change  in  appearance  and  with  a 
tremendous  increase  in  the  economic  feasibility. 
The  second  choice  is  replacement  of  thick 
veneers  by  many  thin  ones  with  the  further 
option  of  laying-up  the  product  on  the  mold 
in  narrow  criss-crossed  strips  applied  individ¬ 
ually.  This  second  alternative  more  than 
doubles  the  cost  of  the  product  over  simple 
curvature. 

Minimum  Bending  Radius 

The  other  fundamental  limitation,  minimum 
bending  radius,  is  actually  closely  related  to 
compound  curvature  but  also  is  in  itself  a  de¬ 
termining  factor  in  the  design  of  molded 
articles.  It  is  sometimes  necessary  to  use  a  cor¬ 
ner  radius  as  small  as  inch  i.d.  This  seems 
to  always  occur  with  large  either  flat  or  very 
nominally  curved  adjacent  areas.  In  the  latter 
areas,  veneers  as  thick  as  Yg  inch  are  sometimes 
employed  but  the  sharp  radius  demands  a  max¬ 
imum  of  1/28-inch  veneers  to  mold  without 
failure. 

In  general,  any  given  thickness  of  veneer 
will  conform  to  a  smaller  radius  when  the 
direction  of  grain  is  parallel  to  the  axis  of  the 
radius  rather  than  when  it  is  perpendicular. 
Also  in  general,  veneer  at  15  percent  moisture 
content  will  conform  to  a  radius  one  half  that 
at  5  percent.  Further  refinements  may  be  made 
by  using  a  "harness”  to  wrap  the  veneer  tightly 
around  the  mold.  Plasticizing  the  veneers  with 
heat  and  the  moisture  in  the  glue  by'  slowly 
closing  the  molds  after  the  veneers  contact  the 
heated  mold  or  die  surfaces  also  reduces  the 
allowable  radius. 


Selection  of  Materials 

Veneer 

The  maximum  allowable  veneer  thickness 
has  been  established  by  the  minimum  bending 
radius,  if  sharp  radii  are  involved.  If  nominal 
radii  are  involved  a  layup  should  be  used  that 
places  all  glue  lines  as  close  to  the  faces  as  pos¬ 
sible,  e.g.  for  y4-in.  3-ply  construction,  use 
l/l4-in.  or  1/16-in.  face  and  back  and  Yg-'m. 
core.  This  decreases  the  pressing  cycle  with  any 
given  die  temperature.  When  facing  with  rare 
or  exotic  veneers,  economy  usually  dictates 
1/64-in.  faces.  In  such  a  case  use  5-'ply  con¬ 
struction  with  glue  applied  to  defect-free 
1 /28-in.  crossbands.  Always  balance  the  con¬ 
struction  symmetrically  about  the  core  with  the 
same  species.  In  some  instances  of  all-contoured 
items  an  even  number  of  plies  can  be  used  by 
paralleling  the  two  center  plies  as  a  core. 

With  most  resins  an  optimum  moisture  con¬ 
tent  of  about  10  percent  should  be  maintained 
but'  with  resins  setting  well  below  the  boiling 
point  of  water,  veneers  of  up  to  18  percent 
moisture  content  may  be  employed.  Such  prac¬ 
tice  is  to  be  avoided  if  possible,  since  the  re¬ 
jects  caused  by  "blowing”  are  more  likely  and 
the  quality  of  the  resin  bond  is  impaired. 

Resin 

The  choice  of  the  proper  resin  is  one  of  the 
most  controversial  points  known  to  the  in¬ 
dustry.  To  avoid  detailed  entanglement,  we 
shall  establish  the  five  general  classes  for  dis¬ 
cussion  as  follows:  ureas,  modified  ureas, 
melamines,  phenolics,  and  resorcinols. 

The  order  named  is  approximately  the  pro¬ 
gression  of  their  relative  moisture  and  exposure 
resistance  and  incidentally  price,  ureas  having 
the  least  resistance,  and  lowest  cost,  resorcinols 
the  most  resistance  and  the  highest  cost. 

If  the  molded  article  is  to  be  used  under  ex¬ 
posed  conditions,  start  with  melamines.  If  in¬ 
terior  use  is  anticipated  ureas  or  modified  ureas 
are  adequate.  Each  resin  has  its  own  particular 
advantages  and  disadvantages  from  a  produc¬ 
tion  viewpoint  and  these,  together  with  the 
variations  commercially  available,  leave  consid¬ 
erable  latitude  in  choice. 

After  consideration  of  exposure  resistance 
comes  the  resin’s  reaction  to  the  type  of  accel¬ 
erating  energy  employed.  'They  all  react  favor¬ 
ably  to  conducted  heat,  properly  applied.  Radio 
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frequency  is  more  selective,  working  well  on 
ureas,  melamines  and  resorcinols  but  arcing 
badly  on  phenolics. 

Craze  resistance  and  gap-filling  character¬ 
istics  are  a  factor  with  low  pressures  used  in 
bag  molding,  the  modified  ureas  filling  this 
requirement  most  satisfactorily. 

Bleeding-through  thin  face  veneers  is  a 
troublesome  problem  that  must  be  considered. 
Ureas  with  proper  extending  fillers,  melamines 
with  drying  of  the  spread  resin  prior  to  layup 
and  pressing  are  possible  solutions. 

Cold  pressing  of  relatively  simple  sliapes, 
such  as  chair  badcs,  is  commonly  done  with 
vegetable  glues,  ureas  or  even  resorcinols.  The 
moisture  content  is  of  slightly  less  importance 
in  cold  pressing. 

The  final  choice  of  resin  or  glue  is  heavily 
influenced  by  the  method  of  molding  employed 
and  the  resulting  pressing  cycle. 

Selection  of  the  Molding  Method 

Most  products  that  can  be  die  molded  can 
also  be  bag  molded  but  the  reverse  is  less  often 
true,  the  shape  and  size  dictating  the  method. 
Large,  bulky  shapes  with  perhaps  some  com¬ 
pound  curvature  are  best  bag  molded,  but  for¬ 
tunately  the  quantity  required  is  usually  nom¬ 
inal.  The  relative  product  value  is  high. 

Smaller,  simpler  shapes  should  always  be  die 
molded  if  possible.  The  dies  may  cost  more  per 
square  foot  of  product  but  decrease  of  pressing 
cycle,  fewer  rejects,  and  almost  no  maintenance 
or  repair  will  demonstrate  their  superior  choice. 
Further,  it  is  probable  that  a  multiple-opening 
family  of  dies  may  be  used  in  a  single  press 
frame  where  only  a  single  bag  opening  would 
be  possible. 

The  total  quantity  to  be  manufactured  is 
often  the  deciding  factor.  Quantities  of  10,000 
and  up  should  be  die  molded  if  possible. 

The  use  of  conducted  heat  from  the  dies 
usually  achieves  a  shorter  pressing  cycle  than 
conduction  from  a  mold  on  one  side  and  elec¬ 
tric  blanket  on  the  bag  side.  When  radio  fre¬ 
quency  is  to  be  employed,  the  bag,  with  incor¬ 
porate  electrode  on  the  fluid  pressure  side  and 
a  wooden  die  faced  with  the  other  electrode,  is 
common  practice.  Often  bodi  dies  can  be  made 
of  wood  and  faced  with  a  rubber  slab  under 
one  or  both  electrodes,  thus  a  semblance  of 
fluid  pressure  is  achieved,  depending  or.  the 


hardness  of  the  rubber  and  the  pressure.  An¬ 
other  possibility  is  the  use  of  "conductive 
rubber”  resistance  sheets  with  wooden  dies. 

For  the  inevitable  experimental  or  "sample” 
parts  the  latter  heating  method  is  to  be  recom¬ 
mended,  either  using  two  wooden  dies  or  a 
wooden  mold  and  bag. 

The  principle  advantage  of  radio  frequence 
is  the  very  short  pressing  cycle,  permitting  .i 
larger  quantity  of  piece  production  on  the  sam^ 
tools  per  day.  Comparing  r.f.  with  conducte  I 
heat,  a  ratio  of  2:1  is  common,  sometime 
reaching  6:1  with  the  loading-unloading  cycle 
as  a  limit.  Cost  of  equipment  is  considerably- 
increased  with  r.f.  unless  it  is  already  standar<.l 
in  the  plant. 

Either  electrical  energy  or  steam  is  such  .i 
very  small  percentage  of  the  total  production 
cost  that  the  choice  is  decided  on  availability. 

Careful  consideration  should  be  given  to  tlie 
pressure  necessary  to  produce  a  strong  perma¬ 
nent  bond.  Dies  will  allow  the  use  of  almost 
any  desired  pressure,  200  psi  and  up,  while 
100  psi  is  high  for  bag  molding  arid  border¬ 
line  for  product  quality. 

Die  molded  products  meet  a  higher  quality 
standard  and  are  superior  in  smoothness  of 
surface  on  both  sides.  Bag  molded  surfaces 
accumulate  any  inconsistencies  in  veneer  thick¬ 
ness  on  the  bag  or  fluid  pressure  side,  necessi¬ 
tating  excessive  sanding  prior  to  finishing. 

If  however,  the  tools  can  be  designed  to 
leave  the  mold  side  for  finishing  and  the  anti¬ 
cipated  production  is  nominal,  e.g.  5000  units 
total,  the  resulting  cycle  not  excessive,  the  bag 
molding  method  will  suffice. 

Bag  molding  has  a  distinct  advantage  in 
parts  involving  compound  curvature  by  apply¬ 
ing  the  pressure  in  a  "flowing”  manner  rather 
than  coming  down  abruptly.  If  this  effect  can 
be  made  to  work  for  you  it  is  sometimes  the 
sought-after  answer. 

Finally,  the  total  quantity  on  order  and 
anticipated  delivery  schedules,  plus  the  expedi¬ 
ency  of  tool  making  often  are  the  deciding 
factors  in  choosing  the  molding  method. 

Design  of  Tools 

Since  we  have  decided  on  the  most  practical 
method  of  molding  the  product  we  now  have 
to  decide  the  type  of  tools. 
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The  general  method  of  producing  one  ex¬ 
perimental  tool-up  for  samples  has  just  been 
described.  In  some  instances  the  use  of  a  hard 
plaster  such  as  "Hydrocal”  extended  with 
fibrous  sisal  or  asbestos  will  expediently  pro¬ 
duce  temporary  dies  or  molds  good  for  a  dozen 
or  so  samples.  Conductive  rubber  is  the  best 
heat  source. 

For  permanent  tooling  in  the  quantity  pro¬ 
duction  of  a  quality  article,  metal  dies  are  indi¬ 
cated.  These  may  be  cast  or  fabricated  by  weld¬ 
ing  formed  plate.  Fabrication  has  one  outstand¬ 
ing  inherent  advantage;  if  dies  can  be  rolled 
from  ^-in.  steel  plate,  without  "bumping”, 
they  have  simple  curvature  and  therefore  will 
easily  make  g(^  molded  plywood.  Such  fabri¬ 
cated  dies  are  easily  heated  by  welding  tight  all 
joints  and  using  steam  directly  in  the  back  of 
the  die.  Thus  a  very  uniform  temperature  dis¬ 
tribution  is  obtained  and  the  steam  pressure 
controls  the  temperature  range.  If  plant  steam 
is  not  available,  small  electric  boilers  are  ob¬ 
tainable  at  nominal  cost  and  provide  a  readily 
controllable  method  of  using  electrical  energy. 
The  small  amount  of  metal  to  be  removed  or 
added  in  mating  is  easily  accomplished  by  reg¬ 
ular  grinding  when  high,  or  metal  spraying 
when  low.  A  word  of  caution:  Fabricated  dies 
should  be  designed  and  built  by  experienced 
designers  and  welders. 

Gist  dies  are  of  two  types,  one  containing 
imbedded  steam  coib  or  electric  cartridge  heat¬ 
ers,  the  other  a  plain  casting,  usually  thinner, 
bolted  in  contact  with  a  heated  flat  platen. 
When  molding  a  variety  of  nominal  curves  the 
latter  is  more  economical  and  is  easily  changed 
for  short  return  orders.  Aluminum  and  Kirk- 
site-type  metals  are  both  used  in  casting  dies. 
For  most  items  aluminum  is  the  logical  choice 
because  its  light  weight  permits  easy  handling 
and  it  is  one  of  the  best  conductors  of  heat. 
Although  the  price  per  pound  is  much  higher 
than  the  Kirksite-type  metals,  aluminum 
weighs  approximately  one- third  as  much,  the 
comparative  finished  costs  being  about  the 
same. 

A  recent  example  illustrates  some  of  the  ad¬ 
vantages  of  fabrication  over  casting:  A  chair 
was  designed  with  the  seat  and  back  in  one 
piece.  The  experimental  plaster  dies  made  sufii- 
cient  samples  for  customer  acceptance  and  an 


order  was  placed  for  delivery  "yesterday”.  It 
was  found  that  castings  would  require  at  least 
8  weeks  and  cost  approximately  $4,000.00.  A 
rough  check  showed  that  fabrication  would  at 
least  beat  that  time  so  the  decision  was  made 
to  fabricate,  using  V^-in.  plate.  Four  weeks 
from  the  start  of  the  detail  designing  the  dies 
were  delivered  and  cost  $1,300.00.  A  trial  im¬ 
pression  revealed  a  maximum  of  l/l6-in.  out 
of  parallel  in  the  mating  surfaces.  After  re¬ 
moving  the  die  set  only  twice  for  build-up  and 
grinding  they  checked  out  satisfactorily  and 
went  into  production,  the  "proofing”  time — 2 
days. 

When  tooling  for  r.f.,  wooden  dies  of  ver¬ 
tically  laminated  plywood,  bandsawed  and 
sanded,  are  quite  satisfactory.  It  is  well  to  place 
a  smooth  sheet  of  ^-in.  plywood  over  the 
wood  or  use  a  heavier  metal  electrode  against 
the  wood. 

In  constructing  the  bags  for  bag  molding,  a 
form  should  be  built  slightly  smaller  (1/ 16- 
in.)  than  the  shape  to  be  made  and  the  bag 
built  up  of  nylon-reinforced  rubber  sheets 
cemented  together  with  uncured  rubber.  The 
bag  is  then  cured  under  infra-red  lamps  with 
a  vacuum  applied  between  the  form  and  the 
bag.  Gire  in  construction  of  the  bags  will  re¬ 
duce  the  incidence  of  "down  time”  on  the  pro¬ 
duction  line  and  prolong  the  number  of  cycles. 
Sometimes  a  bag  will  go  13  cycles  and  at  other 
times  3000,  depending  on  its  workmanship, 
design,  pressure  and  heat. 

Another  factor  influencing  the  decisions  in 
tooling  is  the  availability  of  skilled  mechanics 
and  well  equipped  shops  in  the  local  area. 

Production  and  Cost  Evaluation 

With  the  decisions  made  up  to  this  point  we 
are  able  to  sum  up  the  total  cost  by  the  follow¬ 
ing  general  break  down: 

1.  Engineering — design  and  planning 

2.  Tooling — dies,  jigs  and  fixtures 

3.  Materials — ^going  into  product 

a.  Veneer — including  fall-down 

b.  Resin — including  waste 

c.  Finishes 

d.  Miscellaneous 

4.  Pro-rated  charge-off  of  special  equipment 

required  to  produce  the  product  as 

planned 
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We  now  take  a  serious  look  at  the  size  of 
the  order  and  the  anticipated  repeats.  Assum¬ 
ing  that  full-scale  production  is  warranted,  or 
demanded  by  the  customer,  we  make  an  oper¬ 
ation  sheet  and  using  current  productivity  and 
good  planning  sense  establish  the  optimum 
rate  of  production.  This  leads  directly  to  a  re¬ 
liable  cost  estimate  by  applying  wages.  If  the 
rate  of  production  is  satisfactory  to  meet  de¬ 
mands  it  is  an  unusual  situation,  if  not,  then 
find  the  primary  bottlenecks  and  concentrate  all 
ingenuity  there,  while  ifs  still  on  paper.  Per¬ 
haps  a  different  resin  will  make  up  the  short¬ 
age,  or  doubling  the  tooling  as  a  last  resort. 
In  any  case  the  limits  of  variation  have  been 
already  methodically  covered  and  there  are 
only  two  simultaneous  equations  to  solve,  not 
six.  If  the  optimum  rate  is  greater  than  desired 
and  quality  is  given  as  much  credit  as  it  de¬ 
serves,  avoid  cutting  down  on  the  type  of  tool¬ 
ing.  The  number  of  dies  etc.  may  be  reduced 
but  avoid  compromising  the  method.  With  the 
newly  established  operation  sheet  to  meet  pro¬ 
duction,  the  following  additional  costs  may  be 
added  to  the  previous  four: 

5.  Direct  labor 

6.  Overhead: 

7.  Packaging  and  shipping 

Thus  a  complete  cost  is  determined  with 
exact  knowledge  as  to  distribution  and  un¬ 
doubtedly  an  awareness  of  items  that  will  bear 
further  study  for  reduction  or  must  be  care¬ 
fully  watched  for  increase. 

By  adding  the  usual  percentage  of  profit,  in¬ 
cluding  a  contingency  to  "handicap”  the  esti¬ 


mate  in  the  light  of  previous  proven  examples, 
a  price  and  delivery  schedule  may  be  quoted. 

The  execution  of  this  series  of  considerations 
is  always  accompanied  by  many  sketches,  tabu¬ 
lations  and  incidental  ideas.  These  should  be 
organized  at  once  into  a  brief  but  coherent 
series  of  notes  for  future  reference,  when  the 
actual  design  and  production  is  authorized. 
It  pays. 

Conclusions 

The  basic  reason  for  using  molded  plywooc’ 
should  be  determined  for  each  product. 

Compound  curvature  is  to  be  avoided  if  at 
all  possible. 

The  proper  resin  for  the  product  end-use  is 
mandatory. 

The  type  and  quality  of  the  tooling  is  ver) 
important,  fabricated  dies  being  preferred  to 
cast  dies,  and  either  to  bag  molding. 

A  choice  of  molded  plywood  should  depend 
on  the  answers  to  the  four  following  questions: 

Can  it  be  produced  in  molded  plywood.^ 

Should  it  be  produced  in  mold^  plywood? 

Is  the  cost  reasonable  and  competitive? 

Is  it  a  good  product? 

A  conclusion  as  to  whether  molded  plywood 
is  the  proper  process  can  now  be  reliably  drawn 
in  a  relatively  short  time  while  the  product  is 
still  in  the  design  stage. 

The  use  of  molded  plywood  enlarges  the 
scope  of  the  designer  in  wood  and  when  com¬ 
bining  his  efforts  with  the  skill  and  ingenuity 
of  a  process  engineer  the  result  is  both  prac¬ 
tical  and  beautiful. 
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Energy  Requirements  For  Insert-Point 
Circular  Headsaws* 

C.  J.  Telford* 

Technologist,  Forest  Prodmcts  Laboratory,*  Forest  Service,  U.  S.  Department  of  Agricultttre 

Force*  u«ed  in  tawing  with  an  inscrt-iwint  circular  headsaw  were  measured.  AttcmM  were  made  to  eval¬ 
uate  the  elfecu  of  changing  saw  charaaeristics,  such  as  hook  an^e,  tooth  width,  and  running  speeds;  and 
chan^g  sample  charaaeristics,  such  as  cutting  depth  and  wood  density.  Tables  were  derived  of  borsepower 
required  for  saw  speeds,  feed  rates,  cutting  depths,  and  wood  densities  to  be  expeaed  in  mill  operations.  The 
relation  between  gmlet  site  and  wood  to  be  clumbcted  was  explored. 


PUBLISHED  material  on  the  fundamental 
aspects  of  rip-sawing  with  circular  saws 
is  meager.  It  is  mainly  included  in  the 
references  (1)  to  (6)  listed  at  the  end  of  this 
report.  None  of  these  deal  with  insert-point 
saws,  operated  in  conformance  with  American 
practice  on  American  species;  much  is  theoreti¬ 
cal  rather  than  based  upon  actual  tests,  ^d 
coverage  of  some  essentials  is  lacking. 

The  paper  here  presented  gives  the  results 
of  work  at  the  Forest  Products  Laboratory  in 
determining  the  effect  of  sawtooth  form  and 
operating  speeds  of  saw  and  carriage  on  the 
consumption  of  power  in  ripping  logs  under 
conditions  normally  encountered  in  circular 
head-rig  sawmills.  It  was  a  full-scale  study  in 
that  standard-sized  saws  and  typical  small-mill 
equipment  were  employed  for  practical  cutting 
depths  at  the  normal  range  of  feed  and  saw 
speeds. 

The  following  specific  points  were  studied  in 
order  to  determine  how  power  consumption 
varies  with:  (1)  feed  rate,  (2)  width  of  sawed 
face,  (3)  wood  density,  (4)  kerf  width,  (5) 
hook  angle,  (6)  temperature  (frozen  compared 
with  unfrozen),  (7)  feed  against  tooth  travel 
(normal)  and  with  tooth  travel  (climb  cut¬ 
ting),  (8)  knotty  compared  with  clear  areas, 
(9)  saw  diameter,  (10)  number  and  style  of 
teeth,  (11)  dull  compared  with  sharp  saws, 
and  (12)  what  gullet  space  is  required  per 
unit  of  wood  removed.  The  immediate  objec¬ 
tives  were,  first,  a  tabulation  of  horsepower  re- 

•  Presented  by  title  only. 

*  Acknowledgment  is  nude  to  L.  H.  Reineke  and 
F.  B.  Malcolm  of  the  Forest  Products  Laboratory  for 
assistance  in  conducting  the  study  here  reported. 

*  Maintained  at  Madison  3,  ^is.,  in  cooperation 
with  the  University  of  Wisconsin. 


quirements  for  circular  headsaws  operating 
within  the  range  normally  encountered,  and 
second,  the  limits  of  cutting  rate  imposed  by 
gullets;  namely,  the  optimum  ratio  between 
gullet  space  required  and  wood  removed. 

Test  Equipment  Used 

The  sawmill  upon  which  the  tests  were  made 
was  a  standard  type  of  medium  size  and 
weighed  approximately  4,000  pounds  (Fig.  1). 
Instead  of  the  usual  belt  or  friction  feed  con¬ 
nected  to  the  saw  mandrel,  an  independent  sys¬ 
tem  was  used  consisting  of  a  13-hp.  electric 
motor  belted  to  a  variable  transmission  drive 


Fig.  1. — Standard-sized  saws  and  typical  sawmill 
equipment  used  at  Forest  Products  Laboratory  in 
conducting  power  consumption  tests. 
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and  through  reduction  drives  to  the  drum. 
Gears  and  clutches  in  the  drum  interior  were 
actuated  by  hydraulic  cylinders  as  in  the  rear 
axle  of  a  tmck  brake.  The  control  of  these 
clutches  was  brought  to  the  sawyer’s  levers  by 
connecting  the  lever  to  two  hydraulic  cylinders 
anchored  to  the  husk  and  connecting  these  in 
turn  to  the  drum  cylinders  by  hydraulic  oil 
lines.  This  combination  permitted  positive 
feeds  at  any  desired  rate  between  30  and  300 
feet  per  minute. 

The  saw  was  powered  by  a  75  hp.  electric 
motor  at  1,800  r.p.m.  A  flexible  coupling  con¬ 
nected  the  motor  shaft  to  a  gear  reducer 
capable  of  three  different  output  speeds.  A 
torque  meter  was  placed  as  a  continuation  of 
the  output  shaft  and  power  was  delivered  to 
the  saw  through  pulleys  and  belts.  This  com¬ 
bination  permitted  saw  speeds  of  300,  450, 
and  600  r.p.m. 

The  force  used  in  operating  the  saw  was 
measured  by  a  torque  meter  of  5,000  pound- 
inches  capacity.  The  force  used  in  pulling  the 
carriage  was  measured  with  a  strain  gage 
attached  to  the  anchor  bolt  of  the  sheave  carry¬ 
ing  the  cable  pulling  the  carriage.  These  in¬ 
struments  were  connected  to  a  5-inch  oscillo¬ 
scope  located  in  an  instnunent  house  (Fig.  2). 
Additional  recording  equipment  was  an  electric 
tachometer  belted  to  the  saw  mandrel  and  a 
slide-wire  potentiometer  coimected  to  the  car¬ 
riage,  each  connected  to  a  second  oscilloscope. 
Records  of  events  portrayed  on  both  oscillo¬ 
scope  screens  were  permanently  recorded  by 
camera. 

Saws  having  a  diameter  of  48  inches  with 
B  style*  teeth  were  used  in  all  tests  with  the 
following  additions:  In  th^  test  of  gullet 
capacity  a  48-inch  diameter  saw  with  forty 
eight  2^  style  teeth  was  also  used;  in  the  saw 
diameter  test' a  60-inch  diameter  saw  with  46  B 
style  teeth  was  also  used;  in  the  tooth  style 
and  number  test  a  48-inch  diameter  saw  with 
forty  eight  2^  style  teeth,  a  48-inch  diameter 
saw  with  fifty  four  2^  style  teeth,  and  a  48- 
inch  diameter  saw  with  40  No.  3  style  teeth 
were  also  used.  All  were  7-8  gage  and  teeth 
were  sharpened  with  a  power  emery  wheel  to 
insure  uniformity. 

•For  description  of  style  of  teeth  see  saw  manu¬ 
facturers’  catalogues. 


Material  Used 

For  testing  saw  factors  the  wood  used  was 
especially  selected  for  maximum  uniformity  in 
size,  texture,  and  physical  properties.  Practi¬ 
cally  clear  Douglas  fir  cants,  10  inches  thick 
with  not  fewer  than  six  rings  per  inch,  were 
used.  This  material  was  kept  under  conditions 
assuring  little  change  in  moisture  contents.  For 
testing  wood  factors,  cants  cut  from  a  number 
of  different  species  were  used. 

General  Method 

The  test  saw  cuts  were  made  across  the  ring 
direction  (edge  grain  sawing).  Moisture  con¬ 
tents  and  specific  gravity  (oven-dry  weight 
based  on  green  volume)  were  taken  for  eacli 
cut.  Because  temperature  effects  might  prove  a 
factor,  the  temperatures  of  some  of  the  cants 
were  recorded  but  such  measurements  were  dis¬ 
continued  when  analysis  indicated  no  correla¬ 
tion  between  temperature  and  power  consump¬ 
tion  except  in  the  test  of  frozen  contrasted  with 
unfrozen  material. 

Method  and  Findings  of 
Individual  Tests 

Test  1.  Force  Related  to  Feed  Rate 

In  the  test  to  determine  the  relationship  be¬ 
tween  force  and  bite*  per  tooth  a  saw  48  inches 
in  diameter  with  40  B  style  teeth,  9/32  inch 
wide,  and  with  a  hook  angle  of  43  **  was  used 
at  saw  speeds  of  300,  450,  and  600  r.p.m.; 
and  feed  rates  approximately  1/32,  1/24,  1/16, 
and  Yg  inch  per  tooth  in  Douglas  fir  cants  10 
inches  thick  and  14  feet  long.  A  single  cut 
was  taken  in  each  of  five  cants  at  the  four  feed 
rates  and  at  the  three  different  saw  speeds, 
totaling  60  cuts.  However,  the  series  of  five 
cuts  for  a  bite  of  Yg  inch  at  600  r.p.m.  were 
discarded,  since  the  saw  failed  to  cut  a  true 
line  at  this  high  production  rate. 

‘Carriage  speed,  correlated  with  saw  r.p.m.  and 
number,  of  teeth,  determined  the  feed  rate  per  tooth. 
In  the  following  discussions  the  phrase  "bite  per 
tooth”  is  used  to  indicate  feed  rate.  This  "bite  per 
tooth”  was  measured  for  each  cut  by  taking  the  total 
interval  included  in  from  6  to  10  consecutive  saw 
revolutions  and  computing  the  "bite”. 

Example:  ‘The  saw  had  40  teeth,  the  total  interv.il 
for  10  revolutions  was  26  inches  and  for  one  revolu- 

2.60 

tion  2.6  inches,  hence  the  "bite”  is  =  0.065 
inch. 
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Fig.  2. — Forest  Products  Laboratory  experimental  sawmill  layout. 


A  subsequent  test  indicated  that  density  is 
an  important  factor  in  power  consumption, 
hence  the  force  values  for  the  individual  cuts 
were  adjusted  for  an  average  density.  Cutting 
torque,  which  is  the  torque  employed  solely  to 
force  the  saw  through  the  cut  and  excludes 
torque  registered  when  the  saw  is  not  cutting, 
was  read  from  the  oscilloscope  photographs 
for  each  saw  line.  The  average  torque  for  eiuh 


of  the  3*cant  series  was  adjusted  to  the  average 
specific  gravity  of  0.4266  and  plotted  against 
bite  (Fig.  3). 

Figure  3  indicates  that  cutting  torque  varies 
directly  with  the  bite  (except  at  low  bites) 
and,  for  similar  bites,  inversely  with  the  saw 
speed.  One  practical  application  of  these  rela¬ 
tionships  is  in  recommending  saw  speeds  where 
power  conservation  is  essential.  For  a  given 
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rate  of  carriage  feed  this  cutting  torque  was 
disproportionately  increased  by  reducing  the 
saw  r.p.m.  For  example,  from  Fig.  3  the  cut¬ 
ting  torque  for  a  bite  of  0.06  inch  at  600 
r.p.m.  is  1,150  pound-inches;  for  a  bite  of  0.12 
inch  at  300  r.p.m.  it  is  2,675  pound-inches. 
For  the  40-tooth  saw  this  is  a  carriage  feed  of 
120  feet  per  minute  in  each  case.  Thus  for 
similar  footage  production  the  cutting  torque  at 
600  r.p.m.  was  less  than  half  that  at  300  r.p.m. 
Converted  to  horsepower  this  relationship  is 
21.9  horsepower  at  600  r.p.m.  and  24.9  horse¬ 
power  at  300  r.p.m.  For  field  application  the 
additional  horsepower  required  to  turn  the 
shafts  and  pull  the  carriage  must  be  added 
(Table  1).  Under  the  conditions  of  test  this 

Table  1. — ^Total  Horsepower  (Cutting,  Trans¬ 
mission,  Carriage  Pull)  for  Different 
Bites  and  Saw  Speeds  ■ 


Bite  300  r.p.m.  450  r.p.m.  600  r.p.m. 

Inch  Horsepower  Horsepower  Horsepower 

0.18 .  12.2  16.9  20.6 

.04 .  14.5  20.2  26.1 

.06 .  19.1  27.8  84.0 

.08 .  28.4  88.8  42.0 

.10 .  27.7  89.2  49.4 

.12 .  81.9  45.2  66.8 

.18 .  84.1  48.1  60.4 


noncutting  horsepower  requirement  more  than 
balanced  the  gain  had  by  speeding  up  the  saw, 
resulting  in  a  slight  overall  economy  in  horse¬ 
power  consumption  through  slowing  down  the 


saw.  The  following  direct  comparisons  are 
from  Table  1. 


CarrimKe  feed 

Saw  apeed 

Bite  per 
tooth 

Total  power 
conaumption 

Ft.  per  min. 

R.p.m. 

Inch 

Hp. 

60 

600  . 

0.03 

20.6 

60 

800 

.06 

19.1 

80 

600 

.04 

26.1 

80 

800 

.08 

28.4 

120 

600 

.06 

84.0 

120 

300 

.12 

81.9 

Presumably  at  most  sawmills 

the  more  effi- 

cient  use  of  horsepower  results  from  lower  as 
contrasted  with  higher  saw  speeds. 

Test  2.  Force  Related  to  Depth  of  Cut 

This  test  was  run  by  sawing  at  300  r.p.m. 
cants  tapering  from  10  inches  thick  at  the  front 
end  to  19  inches  thick  at  the  back,  at  a  bite 
approximating  0.065  inch  and  including  10 
different  species.  Five  cuts  taken  in  each  spe¬ 
cies  and  resulting  torque  values  averaged  by  spe¬ 
cies  and  plotted  torque  over  depth  of  cut  for  a 
given  density  gave  the  record  of  torque  at  cut¬ 
ting  depths  from  10  to  18  inches  at.  this  bite 
and  saw  speed  for  the  various  wood  densities 
used  as  shown  in  Fig.  4. 
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The  effect  of  cutting  depth  was  indicated  as 
a  straight  line  relationship  for  this  range  of 
depths  with  a  conunon  origin  at  a  cutting 
torque  of  -1,280  pound-inches;  the  cutting 
torque  for  12-,  14-,  16-,  and  18-inch  depths 
was  1.2,  1.4,  1.6,  and  1.8  times  that  for  the 
10-inch  depth. 

In  a  second  series  of  tests  to  determine  if 
cutting  at  the  top  of  the  saw  as  contrasted  with 
cutting  in  front  of  the  mandrel  showed  differ¬ 
ences,  three  cuts  were  taken  in  each  of  three 
Douglas  fir  cants  10  inches  thick.  The  front 
end  of  the  cant  rested  on  the  front  bolster  and 
the  rear  end  was  blocked  up  so  that  the  top  of 
the  saw  coincided  with  the  top  of  the  cant  as 
the  front  of  the  saw  emerged  at  the  end  of  the 
cut.  No  consistent  difference  was  noted  in 
force  expenditure  when  sawing  in  these  dif¬ 
ferent  zones  of  the  saw  rim. 

Test  3.  Force  Related  to  Specific  Gravity 
Five  cuts  for  each  of  ten  species  were  taken 
in  cants  tapering  from  10  inches  at  the  front 
to  19  inches  at  the  back  end  at  a  bite  approxi¬ 
mating  0.063  inch.  The  species  and  average 
specific  gravity  for  each  are  shown  in  Fig.  5. 
The  maximum  cutting  depth  was  17%  inches, 
somewhat  less  than  the  19  inches  maximum 
cant  depth,  because  the  front  of  the  saw  was 
out  of  the  cant  before  the  top  of  the  saw 
(2  feet  behind)  reached  the  high  point  of  the 
cant.  This  maximum  depth  of  17%  inches  was 
not  sufficient  to  overload  the  saw  to  a  stalling 
condition  at  the  feed  rate  used  (0.063  inch) 
with  basswood,  cottonwood,  Douglas  fir,  soft 
maple,  cherry,  and  elm.  Stalling  occurred  in 
four  of  the  five  cuts  in  red  oak,  and  in  the 
other  cut  the  saw  barely  avoided  stalling.  Stall¬ 
ing  occurred  in  all  cuts  of  white  ash,  white  oak, 
and  hickory.  Stalling  permitted  determination 
of  maximum  gullet  capacity  and  the  cutting 
depth  at  which  overloading  began  without  in¬ 
terfering  with  the  analysis  of  torque  with  re¬ 
spect  to  cutting  depth. 

The  depth  of  cut  at  the  start  and  finish  of 
the  unstalled  portion  of  the  cut  was  taken  and 
the  average  torque  for  each  :pecies  at  cutting 
depths  from  10  to  18  inches  plotted  in  Fig.  3 
against  specific  gravity  for  each  cutting  depth 
of  10,  12,  14,  16,  and  18  inches.  The  resulting 
lines  tended  to  converge  at  the  origin  of  -1,280 
cutting  torque,  to  which  they  were  adjusted 


(Fig.  3).  Since  negative  torque  is  untenable, 
values  for  depths  of  cut  less  than  10  inches 
are  not  justified.  Torque  varied  directly  with 
specific  gravity.  The  close  correlation  between 
cutting  torque  and  specific  gravity  justifies  bas¬ 
ing  horsepower  requirement  tables  on  these 
data  amplified  for  other  bites  and  saw  species 
by  drawing  on  test  1,  "Torque  related  to  bite 
and  saw  speed." 

Test  4.  Force  Related  to  Width  of  Kerf 
Insert  teeth  labeled  10/32,  9/32,  8/32,  and 
7/32  inch  were  used  in  the  condition  as  re¬ 
ceived  from  the  factory.  Inability  to  cut  a 
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straight  line  with  the  7/32-inch  teeth  resulted 
in  eliminating  this  size.  Five  cuts  were  taken 
with  each  of  the  others  in  a  Douglas  fir  cant 
10  inches  thick  at  a  feed  of  0.0684  inch  per 
tooth.  The  resulting  torques  were  1,600  pound- 
inches  for  the  10/32-inch,  1,460  for  the  9/32- 
inch,  and  1,028  for  the  8/32-inch  teeth.  Thus 
the  expected  direct  variation  of  torque  with 
tooth  width  was  indicated.  The  7/32-inch 
width  was  inadequate,  the  8/32-inch  width 
proved  most  economical  of  power.  Tests  were 
not  protracted  to  determine  if  rim  heat  might 
result  in  a  continuous  run  with  the  8/ 3  2-inch 
tooth.  The  thickest  part  of  the  holder  is  0.205 
inch.  The  7/32-inch  tooth  was  thus  freed  by 
0.014  inch  (0.219-0.205) ;  and  the  8/32-inch 
tooth  had  a  clearance  of  0.045  inch  (0.250- 
0.205). 

A  check  on  torque  recordings  for  cutting 
depths  from  0  to  10  inches  indicated  that  (1) 
below  a  cutting  depth  of  approximately  2  inches 
no  torque  was  recorded,  and  (2)  in  progres¬ 
sing  from  2  to  10  inches  cutting  depth  the 
rate  of  torque  increase  was  in  close  agreement 
with  that  for  depths  of  10  to  18  inches  for 
comparable  specific  gravities  and  feeds.  Obvi¬ 
ously  the  instruments  used  in  these  tests  were 
not  sensitive  to  very  light  loads;  hence,  values 
in  the  tables  3,  4,  and  5  are  presumably  too 
low  for  the  slowest  carriage  feeds,  when  cutting 
the  minimum  depths  in  the  lowest  specific 
gravity  class. 

Test  5.  Force  Related  to  Hook  Angle 

Five  cuts  were  made  in  a  Douglas  fir  cant 
10  inches  thick  for  each  of  a  series  of  hook 
angles  of  41®,  28®,  and  15®  at  an  average  feed 
of  0.064  inch  per  tooth.  The  resulting  torque 
values  were  adjusted  to  those  at  the  average 
specific  gravity  for  the  group  (0.4967)  and 
each  5-cut  series  averaged.  The  results  were  as 
follows: 

(a)  Approximately  the  same  initial  torque 
resulted  for  the  15®  and  41®  hook  angles,  and 
approximately  10  percent  less  for  the  28® 
angle. 

(b)  For  the  41®  hook  angle  a  decrease  of 
torque  at  the  midzone  and  a  pick-up  to  start¬ 
ing  levels  at  the  end  zone. 

(c)  For  the  28®  hook  angle  the  torque  held 
constant  throughout. 


(d)  For  the  15®  hook  angle  the  torque  in¬ 
creased  from  the  initial  entry,  being  approxi¬ 
mately  33  percent  more  at  the  end  than  at  the 
beginning. 

The  saw  functioned  well  at  hook  angles  of 
41®  and  28®,  but  at  15®  it  failed  to  cut  a  true 
line,  the  saw  being  dished  or  distorted  from  a 
plane.  It  is  assumed  that  the  increase  in  torque 
as  cutting  progressed  was  largely  due  to  fric¬ 
tion  as  the  side  of  the  saw  pressed  against  the 
cant. 

Test  6.  Force  Used  in  Cutting  Frozen 
Compared  With  Unfrozen  Material 

Ten-inch  cants  of  Douglas  fir,  cottonwood, 
and  basswood  in  both  a  frozen  (-6®  F.)  and 
unfrozen  (70®  F.)  condition,  sawn  with  a  feed 
of  0.06  inch  per  tooth,  resulted  in  the  follow¬ 
ing  torque  values: 

Torque 


Specie*  Frozen  Unfrozen 

Pound-inches  Pound-inches 

Douglas  fir .  1, 360  1, 626 

Cottonwood _  768  768 

Basswood _  444  ^  699 


The  slight  trend  of  increased  torque  for  un¬ 
frozen  as  compared  with  frozen  material  was 
contrary  to  trend  in  tests  made  for  such  physi¬ 
cal  properties  as  bending  or  shear.  If  these 
torque  values  are  valid,  the  implication  is  that 
the  very  real  difficulty  in  sawing  some  species 
when  frozen  is  due  to  other  than  pure  force 
requirements. 

Test  7.  Force  Used  in  Cutting  Under 
Compared  With  Over  the  Mandrel 

A  Douglas  fir  cant  10  inches  thick  was 
placed  with  the  front  end  on  the  front  bolsters 
and  the  rear  and  elevated  9  inches.  Four  cuts 
at  a  feed  of  0.06  inch  per  tooth  were  taken 
with  the  saw  running  in  the  normal  direction. 
The  electric  motor  was  then  run  in  a  reverse 
direction  with  the  saw  turned  around,  and  four 
cuts  taken  in  the  same  cant,  feeding  in  the 
same  direction  as  before.  It  was  assumed  that 
this  second  set-up  with  the  teeth  entering  the 
cant  at  the  bottom  simulated  conditions  of 
"climb  sawing”  in  which  the  tooth  travel  dur¬ 
ing  cutting  is  in  the  same  direction  as  the  feed, 
rather  than  opposed  to  it  as  in  normal  sawing 
The  torque  for  "climb”  sawing  was  approxi¬ 
mately  2.7  times  that  for  normal.  This  is  con 
trary  to  findings  in  metal  sawing  where  "climb" 
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sawing  shows  a  more  efficient  use  of  power 
than  does  normal  sawing. 

Test  8.  Force  Related  to  Knots 
Four  cuts  were  made  in  a  Douglas  fir  cant 
10  inches  thick  at  a  feed  rate  approximating 
0.06  inch  per  tooth.  The  cant  was  boxheart; 
the  cuts  traversed  both  spike  and  round  knots. 
The  torque  for  cutting  areas  free  from  knots 
approximated  that  for  similar  tests  in  Douglas 
fir  clears.  Knots  did  not  occupy  the  area  of  the 
full  cutting  arc  in  any  instance;  hence  values 
for  cutting  100  percent  knotty  areas  were  lack¬ 
ing.  Where  teeth  passed  through  an  area  in 
which  knots  occupied  40  percent  of  the  cutting 
arc  the  torque  was  70  percent  greater  than  for 
wholly  clear  areas.  From  this  it  might  be  de¬ 
duced  that  the  force  required  for  Douglas  fir 
knots  was  approximately  three  times  that  for 
clear  areas. 

Test  9.  Force  Related  to  Saw  Diameter 
This  test  dealt  with  the  force  used  in  saw¬ 
ing  with  a- 48-inch  diameter,  40-tooth  saw  com¬ 
pared  with  that  in  sawing  with  a  60-inch  diam¬ 
eter,  .46-tooth  saw,  each  of  7-8  gage,  B  style 
tooth  9/32  inch  wide  and  a  hook  angle  of  43°. 
Feed  rates  per  tooth  approximated  1/32,  1/24, 
1/16,  and  1/8  inch  per  tooth.  Two  cuts  at 
each  bite  for  each  saw  were  taken  from  cants 
7  inches  thick  and  first  placed  directly  on  the 
bolsters,  then  elevated  7  inches.  Similar  cuts 
were  taken  on  cants  3  inches  thick  with  the  cant 
elevated  14  inches  above  the  bolsters.  The 
aggregate  cutting  depth  for  the  three  positions 
of  19  inches  equaled  the  total  cutting  depth 
possible  with  the  48-inch  diameter  saw  and  was 
6  inches  less  than  that  for  the  60-inch  diameter 
saw.  The  general  relationship  was  that  the  60- 
inch  diameter  saw  required  between  24  and 
36  percent  more  torque  to  saw  the  cumulative 
19-inch  depth.  Since  torque  is  the  product  of 
the  radius  and  the  force  and  since  the  60-inch 
diameter  saw  is  25  percent  greater  than  the 
48-inch  diameter  saw,  this  test  indicates  that 
the  force  was  little  if  any  different. 

Test  10.  Comparison  of  Cutting  Force  for 
Saws  With  Differing  Tooth  Styles  or  Differ¬ 
ing  Number  of  Teeth 

Four  saws,  each  of  48-inch  diameter,  7-8 
gage,  fitted  with  teeth  of  like  width,  were  used 
to  take  five  cuts  per  saw  in  a  Douglas  fir  cant 


10  inches  thick  at  a  feed  rate  of  2.73  inches 
per  revolution  of  the  saw.  A  tabulation  of 
essential  saw  characteristics  and  resulting 
torques  follows: 

Style  of 


Saw  No.  tooth  Teeth  Torque 

Number  Pound-inches 

1  .  54  i,  104 

2  .  2H  48  1,032 

3  .  B  40  787 

4  .  No.  3  40  748 


The  torque  values  for  saws  1  and  2  and 
again  for  3  and  4  are  not  greatly  dissimilar 
within  the  pairs  and  the  dissimilarity  could 
well  be  attributed  to  slight  differences  in  align¬ 
ing  the  teeth  and  holders  to  the  plane  of  the 
saw.  Tooth  styles  B  and  No.  3  differ  but  little 
and  the  torque  values  differ  but  little.  Style 
2^  differs  greatly  from  styles  B  and  No.  3  in 
the  arc  of  curvature  of  the  gullet  and  in  its  re¬ 
duced  gullet  area,  and  the  torque  values  differ 
greatly.  From  these  comparisons  it  might  be 
deduced  that  style  of  tooth  influences  the  force 
requirements.  The  warranted  deduction  is  that 
the  munber  of  teeth  rather  than  the  style  is  the 
dominant  factor  and  that  torque  could  be  ex¬ 
pected  to  vary  directly  with  the  number  of 
teeth. 

Test  11.  Comparison  of  Cutting  With  Dull 
and  Sharp  Teeth  and  Comparison  in  Cutting 
With  Holders  or  Teeth  Out  of  and  in  Line 
With  the  Saw  Plane 

Five  cuts  were  taken  in  a  Douglas  fir  cant  10 
inches  thick  using  teeth  dulled  by  cutting  sev¬ 
eral  thousand  board  feet  of  oak.  The  teeth 
were  sharpened  and  a  matched  series  of  five 
cuts  taken,  the  feed  rate  in  both  series  approxi¬ 
mating  2.86  inches  per  saw  revolution.  The 
before-sharpening  torque  averaged  1,301  and 
the  after-sharpening  torque  averaged  1,205 
pound-inches,  which  is  an  8  percent  increase  in 
force  required  for  the  dull  over  the  sharp  teeth. 

A  distinct  scoring  of  the  sawed  surface  re¬ 
sulted  when  teeth  or  holders  were  visibly  out 
of  line  with  the  saw  plane.  Upon  re-aligning 
the  teeth  or  holders  and  eliminating  this  pro¬ 
nounced  scoring  approximately  12  percent  less 
torque  was  required. 

Comparable  scorings  resulted  from  a  flutter 
in  the  rim  of  the  saw  which  was  traceable  to 
inaccurate  facing  of  the  saw  collar.  This  was 
corrected  by  grinding.  Approximately  10  per- 
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cent  more  torque  was  used  to  cut  a  10  inch 
depth  before  grinding  than  after  grinding. 
The  results  of  these  three  series  of  observations 
indicate  that  emphasis  should  be  given  to  in¬ 
suring  that  the  saw  be  able  to  cut  a  smooth 
face  as  well  as  maintaining  sharp  teeth. 

Test  12/  Gullet  Space  Required 
Per  Unit  of  Wood  Removed 

Two  diflFerent  gullet  patterns  were  tested, 
the  2y2  style  having  a  profile  area  of  1.5  square 
inches  and  the  B  style  with  2.5  square  inches. 
The  profile  area  was  taken  as  the  area  in  square 
inches  found  in  planimetering  the  outline  of 


the  tooth  and  gullet.  Saws  differed  only  in  the 
number  of  teeth,  that  is,  48  for  the  2^  style 
and  40  for  the  B  style.  Tests  for  the  2^^  style 
tooth  were  made  on  Douglas  fir  cants  and  for 
the  B  style  tooth  on  ash,  red  oak,  and  white 
oak.  Tapered  cants  were  used  at  a  feed  rate 
adequate  to  overload  the  gullets  as  cutting 
depth  increased.  The  taper  provided  an  auto¬ 
matic  increase  in  cutting  depth  with  a  corre¬ 
sponding  increase  in  cutting  torque.  In  some 
cuts,  however,  a  depth  was  reached  at  which 
the  torque  increased  at  an  accelerated  rate  (Fig. 
6) .  This  was  interpreted  as  due  to  overloading 
the  gullet.  The  depth  of  the  cut  where  the 


Fig.  6. — Oscillo^am  of  torque  acceleration  due  to  exceeding  capacity  of  gullets,  (a)  Amplitude  for 
saw  idling;  (b)  initial  amplitude  in  cut;  (c)  amplitude  at  point  where  gullets  overloaded;  (d)  stall 
amplitude. 
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icceleration  began  plus  the  bite  per  tooth  pro¬ 
vided  the  basis  for  computing  gullet  space  re¬ 
quirement  to  wood  removed  ratios.  Prior  to 
actual  stalling  the  bite  held  uniformly  to  within 
!WO  or  three  final  tooth  cuts,  but  usually  in  the 
fuial  2  inches  of  peripheral  travel  the  saw 
-.peed  dropped  very  rapidly,  whereas  the  feed 
held  up  so  that  the  tooth  chiselled  ahead,  tak¬ 
ing  a  bite  as  much  as  ^  inch  in  softwoods  and 
Y2  inch  in  hardwoods.  Fig.  7  shows  the 
clogged 'gullets  at  stalling. 

The  tests  indicated  that  the  ratio  of  gullet 
space  required  (profile  area)  to  wood  removed 
was  for  the  2|^  style  tooth  in  Douglas  fir  2.38 
to  1,  and  for  the  B  style  tooth  in  ash  and  oak 
2.5  to  1.  The  following  species  did  not  show 
a  torque  acceleration  when  cut  at  the  listed 
ratios — cherry  2.26,  basswood  2.22,  elm  and 
cottonwood  2.18,  soft  maple  2.14  to  1.  There¬ 
fore,  the  ratios  for  these  species  must  be  less 
than  those  listed. 
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Horsepower  Requirements  for  Saw  r.p.m. 
300,  450,  600  at  Feeds  0.03  to  0.13  Inch 
per  Tooth,  for  Specific  Gravities  0.3  to 
0.65  Through  Depths  10  to  18  Inches 
Tables  of  horsepower  requirements  were  de¬ 
veloped  from  data  obtained  in  tests  1  and  3. 
The  required  tables  were  made  by  using  the 
values  of  cutting  torque  for  the  series  of  cut¬ 
ting  depths  and  specific  gravities  investigated 
and  extending  these  from  the  single  bite  and 
saw  speed  used  to  the  series  of  bites  and  saw 
speeds  used  in  test  1.  For  such  extensions  con¬ 
version  ratios  based  on  test  1  data  were  applied 
to  actual  values  of  test  3.  For  example,  values 
of  cutting  torque  were  converted  from  those 
for  a  bite  of  0.0645  inch  to  those  for  0.06  inch 
by  a  ratio  derived  from  Fig.  3  as  follows: 
Value  for  a  bite  of  0.06  inch  at  300  r.p.m.  = 
1,335  and  for  a  bite  of  0.13  inch  =  2,900.  In 
7  units  of  bite  the  torque  difference  is  1,565; 

hence,  the  percentage  change  =  —  or 


Fig.  7. — Photograph  of  clogged  gullets  at  stalling. 
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117.2  percent  and  for  each  unit  of  0.01  inch 
bite  the  change  is  16.7  percent.  For  0.0045 
inch  (0.0645  to  0.06  inch)  subtract  0.45  X 
16.7  percent  or  7.5  percent  from  the  values  on 
Fig.  5  for  the  10-inch  cutting  depth.  The 
assumption  is  that  this  ratio  change  as  found 
for  a  specific  gravity  of  0.4266  can  be  directly 
applied  to  all  other  specific  gravities  listed. 

Values  for  bites  of  0.08,  0.10,  0.12,  and 
0.13  inch  were  computed  by  adding  l6.7  per¬ 
cent  per  0.01-inch  bite  increase  to  the  values. 
For  bites  of  0.04  and  0.03  inch  the  ratio 
changes.  (Below  bites  of  0.06  inch  a  curved, 
not  a  straight  line,  relationship  holds  for  torque 
on  bite  as  indicated  in  Fig.  3.) 

These  torques  were  converted  to  horsepower 
as  follows; 


Horsepower  = 


torque  X  r  p  m.  X  6.2832 

33,000  X  12 


The  r.p.m.  of  the  torque  meter  for  300 
r.p.m.  saw  is  600.  Therefore,  horsepower  = 
torque  X  0.00952. 

The  resulting  horsepower  are  tabulated  in 
Table  2. 


Table  2. — Cutting  Horsepower  Exclusive  of 
Machine  Loss  Horsepower  for 
SpEaFiET)  Bites 

Saw  r.p.m.  =  300 


Bite 

Specific  gravity 

Cutting  depth 
10  inches 

Inch 

Horsepower 

O.OS . 

.  0.3 

1.4 

.04 . 

.  .8 

2.0 

.06 . 

.  .8 

3.1 

.08 . 

.  .8 

4.1 

.10 . 

.  .8 

6.1 

.12 . 

.  .8 

6.1 

.18 . 

.8 

6.6 

.03 . 

.  .4 

8.6 

.04 . 

.  .4 

6.1 

.06 . 

.  .4 

8.0 

.08 . 

.  .4 

10.6 

.10 . 

.  .4 

18.0 

.12 . 

.  .4 

15.6 

.18 . 

.  .4 

16.8 

.08 . 

.  .5 

6.8 

.04 . 

.  .6 

8.1 

.06 . 

.  .6 

12.8 

.08 . 

.  .6 

16.9 

.10 . 

.  .6 

20.9 

.12 . 

.  .5 

26.0 

.13 . 

.  .6 

27.1 

.03 . 

.  .6 

8.0 

.04 . 

.6 

11.2 

.06 . 

.  .6 

17.6 

.08 . 

.  .6 

23.2 

.10 . 

.  .6 

28.8 

.12 . 

.  .6 

84.4 

.18 . 

.  .6 

87.8 

.03 . 

.  .66 

9.1 

.04 . 

.  .66 

12.8 

.06 . 

.  .66 

20.0 

.08 . 

.  .66 

26.4 

.10 . 

.  .66 

82.8 

.12 . 

.  .66 

89.2 

.18 . 

.  .66 

42.4 

To  get  the  horsepower  for  other  depths 
(Table  3)  first  a  constant  of  12.2  horsepower 
was  added  to  the  values  of  Table  2  ( — 1,280 
pound-inches  torque  at  300  r.p.m.  =  12.2 
horsepower)  and  the  result  multiplied  by  1.2, 
1.4,  1.6,  and  1.8,  then  the  12.2  horsepower 
subtracted  to  get  horsepower  at  cutting  depths 
of  12,  14,  16,  and  18  inches,  respectively.  In  a 
similar  manner  horsepower  tables  were  com¬ 
puted  for  saw  speeds  of  600  r.p.m.  (Table  4) 
and  450  r.p.m.  (Table  5). 

Summary  and  Conclusions 

The  characteristics  of  the  four  dominant 
factors  influencing  power  consumption  in  saw¬ 
ing  (feed  rate,  depth  of  cut,  density,  and  saw 
speed)  may  be  summarized  as  follows. 

The  cutting  torque  was  directly  proportional 
to  the  feed  rate  for  feeds  above  0.06-inch  per 
tooth.  For  feeds  between  0.06  and  0.03-inch 
per  tooth,  a  unit  rate  of  feed  decrease  showed 
a  greater  than  proportional  rate  of  torque  de¬ 
crease.  This  held  true  in  cutting  10-inch  depths 
in  wood  of  0.426  specific  gravity  and  was  in¬ 
directly  corroborated  by  other  tests  of  the 
series.  If,  however,  die  torque  required  to  run 
the  transmission  and  saw  plus  carriage  drive 
(usually  powered  from  the  mandrel)  be  added, 
a  slight  increase  in  efficiency  of  power  use  re¬ 
sulted  from  decreasing  the  saw  speed. 

The  overall  effect  of  depth  of  cut  was  a 
straight-line  relationship — the  cutting  torque 
for  12-,  14-,  16-,  and  18-inch  depths  was  1.2, 
1.4,  1.6,  and  1.8  times  that  for  the  10-inch 
depth  when  the  1,280  pound-inches  below 
origin  was  added. 

The  effect  of  specific  gravity  was  a  direct 
variation  in  cutting  torque  with  specific  gravity. 

The  effects  of  feed  rate,  cutting  depth, 
density,  and  saw  speed  are  embodied  in  the 
tables  on  horsepower  requirements. 

A  tooth  width  0.045  inch  greater  than  the 
thickest  part  of  the  holder  resulted  in  the  least 
torque  expenditure.  With  no  clearance,  accurate 
sawing  was  impossible}  with  greater  clearance 
torque  requirements  increased.  Insufficient  tests 
were  made  to  determine  if  saw  heating  would 
result  from  prolonged  action  with  0.045-inch 
clearance. 

Hook  angle  had  but  slight  influence  within 
the  range  of  41"  to  28®,  but  at  15®  the  saw 
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Table  3. — Cutting  Horsepower  Exclusive  of  Machine  Loss  Horsepower' 
(r.p.ni.  of  saw  r=  300,  r.p.in.  of  torque  meter  =  600) 


Hp.  = 


Torque  X  r.p.m.  X  6.2832 
33.000  X  12 


=  Torque  X  0.00952 


Bite  per  tooth 
Inch 


.08. 

.10. 

.12. 

.18. 


Carriage  feed 

for  a 

Specific 

40-tooth  saw 

gravity* 

10 

Ft.  per  min. 

Hp. 

30 

0.3 

1.4 

40 

.8 

2.0 

60 

.3 

8.1 

80 

.8 

4.1 

100 

.8 

6.1 

120 

.3 

6.1 

130 

.3 

6.6 

80 

.4 

3.6 

40 

.4 

6.1 

60 

.4 

8.0 

80 

.4  - 

10.6 

100 

.4 

18.0 

120 

.4 

16.5 

130 

.4 

16.8 

30 

.5 

5.8 

40 

.6 

8.1 

60 

.6 

12.8 

80 

.6 

16.9 

100 

.6 

20.9 

120 

.6 

25.0 

180 

.6 

27.1 

30 

.6 

8.0 

40 

.6 

11.2 

60 

.6 

17.6 

80 

.6 

23.2 

100 

.6 

28.8 

120 

.6 

84.4 

180 

.6 

87.3 

80 

.66 

9.1 

40 

.65 

12.8 

60 

.65 

20.0 

80 

.65 

26.4 

100 

.65 

32.8 

120 

.65 

89.2 

130 

.65 

42.4 

Depth  of  cut — Inchee 


12 

14 

16 

18 

Hp. 

Hp. 

Hp. 

Hp. 

4.1 

6.8 

9.5 

12.8 

4.8 

7.7 

10.5 

13.4 

6.1 

9.2 

12.2 

15.3 

7.8 

10.5 

18.8 

.  17.0 

8.5 

11.9 

15.8 

18.7 

9.7 

13.8 

16.9 

20.4 

10.2 

18.9 

17.6 

21.2 

6.7 

9.9 

13.0 

16.2 

8.5 

12.0 

15.4 

18.9 

12.0 

16.1 

20.1 

24.2 

16.0 

19.6  . 

24.1 

28.7 

18.0 

23.1 

28.1 

88.2 

21.0 

26.6 

82.1 

87.7 

22.6 

28.4 

34.2 

40.0 

9.4 

18.0 

16.6 

20.2 

11.9 

15.7 

19.5 

28.3 

17.8 

22.8 

27.8 

82.8 

22.7 

28.5 

34.3 

40.1 

27.5 

84.1 

40.7 

47.4 

32.4 

39.9 

47.3 

54.8 

84.9 

42.8 

50.6 

58.5 

12.0 

16.1 

20.1 

24.2 

16.9 

20.6 

25.8 

29.9 

23.5 

29.5 

35.4 

41.4 

30.8 

37.4 

44.5 

51.5 

87.0 

45.2 

53.4 

61.6 

43.7 

58.1 

62.4 

71.8 

47.2 

67.1 

67.0 

76.9 

18.8 

17.6 

21.8 

26.1 

17.8 

22.8 

27.8 

32.8 

29.8 

88.6 

47.9 

57.8 

86.2 

46.0 

55.8 

65.5 

43.0 

53.2 

68.4 

73.7 

49.9 

60.6 

71.3 

81.9 

53.8 

64.2 

76.1 

86.1 

*Add  idling  horsepower— 4. 48  horsepower;  add  2  horsepower  for  carriage  puU  on  the  saw. 

^Use  specific  gravities  for  oven-dry  material  baaed  on  volume  at  time  of  test  as  given  in  U.  S.  Department  of  Agriculture 
Bulletin  No.  479. 
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Table  4. — Cutting  Horsepower  Exclusive  of  Machine  Loss  Horsepower* 
(r.p.m.  of  saw  =  600,  r.p.m.  of  torque  meter  =  1,200) 

Hp.  =  Torque  X  0.01904 

Carriage  feed  Depth  of  cut — Inches 


for  a  Specific  - 

Bite  per  tooth  40-tooth  saw  gravity^  10  12  14.  16  18 

Inch  Ft.  per  min.  Hp.  Hp.  Hp.  Hp.  Hp. 

0.03 .  60  0.3  1.9  6.6  11.1  16.7  20.2 

.04 .  80  .8  3.0  7.8  12.6  17.4  22.2 

.06 .  120  .8  6.4  10.7  16.0  21.8  26.6 

.08 .  160  .8  7.1  12.7  18.3  28.9  29.6 

.10 .  200  .3  8.8  14.8  20.8  26.7  82.7 

.12 . •. .  240  .8  10.6  16.8  23.1  29.4  86.8 

.18 .  260  .8  11,4  17.9  24.4  30.9  87.8 

.03 .  60  .4  4.9  10.1  16.8  20.6  26.6 

.04 .  80  .4  7.7  13.4  19.2  24.9  80.7 

.06 . 120  .4  13.7  20.6  27.6  34.6  41.6 

.08 . 160  .4  18.1  26.9  83.7  '  41.6  49.3 

.10 .  200  .  .4  22.6  31.1  39.8  48.4  67.1 

.12 . .  240  .  .4  26.9  36.4  46.9  66.4  65.0 

.13 . 260  .4  29.0  39.0  49.0  69.0  *  69.0 

.03 .  60  .6  7.8  13.6  19.3  26.0  80.8 

.04 .  80  .  6  12.3  18.9  25.6  32.2  88.9 

.06 .  120  .  6  22.0  30.6  39.2  47.8  66.4 

.08 .  160  .  6  29.0  39.0  49.0  69.0  69.0 

.10 .  200  .6  36.0  47.4  68.8  70.2  81.6 

.12 .  240  .  6  43.0  65.8  68.6  81.4  94.3 

.18 .  260  .  6  46.6  60.1  73.6  87.1  100.7 

.03 .  60  .  6  10.8  17.1  23.6  29.8  86.2 

.01 .  80  .6  17.0  •  24.6  32.2  39.8  47.4 

.06 .  120  .6  30.4  40.7  61.0  61.3  71.5 

.08 .  160  .  6  40.1  52.3  64.6  76.7  88.9 

.10 .  200  •  .6  49.8  63.9  78.0  92.1  106.3 

.12 .  240  .6  59.6  76.6  91.6  107.6  123.7 

.12 .  260  .  6  64.3  81.3  98.4  116.4  182.6 

.03 .  60  .  66  12.3  18.9  25.6  32.2  88.9 

.04 .  80  .66  19.4  27.5  85.6  43.7  61.7 

.06. _ - .  120  .66  34.6  45.6  56.7  67.8  78.9 

.08 .  160  .65  45.6  68.8  72.1  85.4  98.7 

.10 .  200  .  65  66.6  72.0  87.6  103.0  118.6 

.12 .  240  .65  67.6  85.2  102.9  120.6  138.4 

.13 .  260  .66  73.1  91.9  110.7  129.6  148.4 


>Add  idling  horsepower ••8. 85;  add  4  horsepower  as  maximum  for  carriage  pull  on  the  saw. 

*Use  specific  gravities  for  oven-dry  material  based  on  volume  at  time  of  test  as  given  in  U.  S.  Department  of  Agriculture 
Bulletin  No.  479.  m  ^  ^ 
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Table  5. — Cutting  Horsepower  Exclusive  of  Machine  Loss  Horsepower* 
(r.p.m.  of  saw  =  430;  r.p.m.  of  torque  meter  =  900) 

Hp.  =  Torque  X  0.01428 


Bite  per  tooth 
Inch 


Carriage  feed 

Specific 

Depth  of  cut— 

-Inches 

40-tooth  saw 

giuvity* 

10 

12 

14 

16 

18 

Ft.  per  min. 

Hp. 

Hp. 

Hp. 

Hp. 

Hp. 

46 

0.3 

1.8 

6.6 

9.8 

18.0 

16.8 

60 

.3 

2.6 

6.6 

10.4 

14.8 

18.8 

90 

.3 

4.4 

8.7 

13.0 

17.2 

21.6 

120 

.3 

6.8 

10.8 

14.9 

19.4 

24.0 

160 

.3 

7.2 

12.0 

16.8 

21.6 

26.6 

180 

.3 

8.6 

18.7 

18.8 

28.9 

29.0 

196 

.3 

9.3 

14.6 

19.8 

26.0 

80.8 

46 

.46 

8.9 

18.2 

17.6 

21.9 

60 

'  .4 

6.7 

11.4 

16.2 

20.9 

26.7 

90 

11.1 

16.7 

22.8 

27.9 

83.6 

120 

14.6 

20.9 

27.8 

33.6 

40.0 

160 

18.1 

26.2 

32.3 

89.3 

46.4 

180 

21.6 

29.4 

37.2 

46.0 

62.8 

196 

23.6 

81.6 

39.7 

47.8 

66.9 

46 

.6 

7.3 

12.1 

17.0 

21.8 

26.7 

60 

.6 

10.7 

16.2 

21.8 

27.8 

82.9 

90 

.6 

17.8 

34.7 

81.7 

88.6 

46.6 

120 

.6 

23.6 

81.6 

39.7 

47.8 

66.9 

160 

.6 

29.2 

88.4 

47.7 

66.9 

66.2 

180 

.6 

34.9 

46.8 

66.7 

66.1 

76.6 

196 

.6 

37.8 

48.7 

69.7 

70.6 

81.6 

46 

.6 

10.1 

16.6 

20.9 

26.8 

81.8 

60  , 

.6 

14.7 

21.0 

27.4 

83.7 

40.1 

90 

.6 

24.6 

82.9 

41.2 

49.6 

67.9 

120 

.6 

32.6 

42.4 

62.3 

62.2 

72.1 

160 

.6 

40.4 

61.8 

63.3 

74.7 

86.2 

180 

.6 

48.2 

61.2 

74.2 

87.2 

100  8 

196 

.6 

62.1 

66.9 

79.7 

98.6 

107.4 

46 

.66 

11.6 

17.2 

22.9 

28.6 

84.8 

60 

.66 

16.8 

23.6 

80.8 

87.0 

48.8 

90 

.66 

28.0 

87.0 

46.0 

66.0 

64.0 

120 

.66 

36.9 

47.7 

68.6 

69.8 

80.1 

160 

.66 

46.8 

68.4 

71.0 

83.6 

96.1 

180 

.66 

64.7 

69.0 

83.4- 

97.7 

112.1 

196 

.66 

69.2 

74.4 

89.7 

104.9 

120.2 

I  Add  idlinc  hotaepower— 6.64  horsepower;  add  3  horsepower  for  earriaxe  pull  on  the  saw. 

*Use  specine  gravities  for  oven-dry  material  baaed  on  volume  at  time  of  teat  as  given  in  U.  S.  Department  of  Agriculture 
Bulletin  No.  479.  »» 
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failed  to  cut  a  true  line  and  the  torque  in¬ 
creased. 

In  cutting  frozen  wood  compared  with  un¬ 
frozen  material  a  slight  trend  of  increased 
torque  for  unfrozen  material  was  registered. 
This  was  contrary  to  test  results  relative  to 
other  physical  properties,  such  as  strength  in 
bending,  shear,  and  the  like,  and  implied  that 
the  very  real  difficulty  in  sawing  certain  species 
when  frozen  may  be  due  to  other  than  force 
requirements. 

In  climb  cutting  where  the  saw  direction  of 
running  was  reversed  and  the  saw  turned 
around  so  it  entered  the  bottom  and  emerged 
at  the  top,  approximately  2.7  times  the  torque 
for  cutting  under  normal  conditions  were  indi¬ 
cated  for  the  reverse-direction  cutting. 

With  respect  to  the  effect  of  saw  diameter, 
as  between  60-  and  48-inch  diameter  saws  cut¬ 
ting  with  similar  feeds  per  tooth,  the  25  per¬ 
cent  larger  60-inch  saw  required  between  24 
and  36  percent  more  torque  to  a  saw  a  19-inch 
depth. 

The  effect  of  knots  was  as  follows:  In  saw¬ 
ing  Douglas  fir  knots  comprising  40  percent  of 
the  cutting  arc,  the  torque  increased  70  percent 
over  that  registered  in  cutting  clear  areas  indi¬ 
cating  approximately  a  threefold  increase  in 
force  requirements  for  a  knot  as  compared  to 
a  clear  section. 

Gullet  space  requirements  indicated  by  the 
tests  are  that  gullet  space  ratio  (profile  area) 
to  wood  removed  for  the  2^  style  in  Douglas 
fir  was  2.38  to  1 ;  for  the  B  style  in  ash  and 
oak  2.5  to  1. 


For  similar  feed  rates  per  saw  revolution 
torque  was  influenced  more  by  the  number  of 
teeth  in  the  saw  than  by  style  of  tooth,  increas¬ 
ing  as  the  number  increased. 
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Ills  Besetting  the  Furniture  Industry* 

Clyne  Crawford 

President,  Crawford  Furniture  Manufacturing  Corporation,  Jamestown,  New  York 


Some  of  the  problems  faced  by  the  furniture  industry  are  descr.'bcd.  The  waste  and  difficulty  encountered 
in  the  utilization  of  poorly  manufaaurcd  lumber  produced  by  small  mills  is  emphasized.  A  second  important 
prcblcm  dealt  with  is  that  of  drying  to  specified  moisttire  contents  and  maintaining  desired  moisture  equilibria 
during  manufacture  in  order  to  minimize  oiecking,  warping,  etc. 


AS  I  understand  this  assignment,  I  have 
/A  the  privilege  of  raising  the  issues  of 
some  of  the  main  production  problems 
in  the  manufacture  of  furniture  without  the 
necessity  of  oflFering  solutions  for  these  prob¬ 
lems,  which  makes  the  job  quite  simple.  The 
furniture  industry  has  progressed  a  great  deal 
since  World  War  II  in  more  efficient  manu¬ 
facturing  methods,  with  the  result  that  some 
of  our  old  problems  have  become  magnified 
and  more  pronounced  because  they  retard  some 
of  the  progress  we  had  planned. 

Much  has  been  said  about  wood  waste  and 
the  utilization  of  poorer  grades.  The  greatest 
immediate  saving  of  lumber  waste  would  be  to 
prevent  excellent  grades  of  good  lumber  from 
being  wasted  due  to  poor  manufacturing.  With 
the  "conveyorization”  of  dimension  mills  in 
furniture  plants  the  waste  due  to  mis-cuts  is 
greater  than  under  older  woodworking  meth¬ 
ods.  Some  years  back  we  tried  to  use  these  mis- 
cut  boards  by  constant  adjustment  of  the  rough 
planer,  but  with  these  planers  fed  from  con¬ 
veyors,  wedge-shaped  lumber  ties  up  the  entire 
production  line  and  cannot  be  used.  Uniform 
raw  material,  is  essential  for  high  speed  pro¬ 
duction. 

It  is  heartbreaking  to  see  high-grade  1 4-foot 
boards  sawed  to  inch  thickness  on  one. end 
and  inch  on  the  other.  Yet  this  is  very 
prevalent  among  the  small  mills,  which 
account  for  a  sizable  total  footage  of  our 
supply.  It  is  difficult  for  the  small  mills  to  com¬ 
prehend  the  importance  of  this.  Some  organ¬ 
ization,  probably  the  furniture  manufacturers, 
should  initiate  an  educational  program  to  con¬ 
vince  the  small  mills  that  inefficient  and  poorly 
maintained  equipment  is  the  most  expensive 
operation  they  can  have.  It  is  a  waste  of  our 

*  Presented  by  title  only. 


Nation’s  natural  resources  to  engage  in  that 
type  of  lumber  operation.  Yet  this  waste  is  as 
great  or  greater  now  than  at  any  time  in  our 
experience. 

Someone  is  always  trying  to  take  the  mystery 
out  of  lumber  drying,  but  to  me  it  is  still  a 
mystery.  We  use  cherry  and  hard  maple  pri¬ 
marily.  'The  problem  of  checking  and  open 
joints  is  not  so  great  with  the  softer  wo^s, 
such  as  cherry,  but  I  do  not  think  I  will  ever 
know  for  sure  what  causes  the  open  joints  in 
rock  maple  one  week  or  why  the  joints  stay 
together  and  give  us  a  breathing  spell  for  the 
next  several  weeks.  Most  of  these  open  joints 
are  so  fine  that  they  cannot  be  seen  until  the 
merchandise  is  finished.  The  problems  of  dry¬ 
ing,  sawing,  and  gluing  seem  so  closely  related 
to  open  joint  trouble  that  it  is  difficult  to  be 
sure  of  the  cause. 

We  most  carefully  space  our  stickers  on  12- 
inch  centers  in  accurate  rows  of  a  template. 
We  use  the  forced  draft  ventilation  type  of  dry 
kiln  with  semi-automatic  control  of  ^th  tem¬ 
perature  and  humidity.  We  test  the  lumber 
carefully  when  it  comes  out  of  the  dry  kiln 
and  put  it  in  a  dry  storage  shed  controlled  for 
heat  and  humidity  for  a  week  and  then  again 
test  the  lumber  for  moisture  content  before 
sending  it  to  the  saws. 

We  rip  saw  the  lumber  with  Tungsten  car¬ 
bide  tipped  blades  to  make  sure  we  get  a  uni¬ 
form  saw  joint  as  we  glue  after  the  rip  sawing 
operation.  We  check  the  bearings  of  the  rip 
saws  regularly  to  make  sure  there  is  no  play 
there.  We  use  a  urea  resin  glue  and  have  the 
dimension  mill  equipped  with  automatic 
humidifiers  to  avoid  distortion  of  ripped  edges 
due  to  humidity  changes  overnight.  We  have 
installed  new  boilers  to  make  sure  we  have 
sufficient  constant  steam  pressure  for  our  dry 
kilns,  lumber  storage  room,  and  gluing  ma- 
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chine.  In  spite  of  all  our  precautions  we  can 
run  into  open  joints  every  now  and  then  and 
we  are  never  certain  as  to  what  caused  it.  I 
hope  the  research  now  being  done  on  glues 
will  turn  up  some  answers,  but  the  answers 
probably  will  not  be  simple  as  they  must  con¬ 
sider  the  type  and  characteristics  of  lumber 
used  as  well  as  die  method  of  drying,  moisture 
content,  etc.  I  know  any  research  on  these 
problems  will  be  greatly  appreciated  by  the 
industry. 

We  had  a  rather  interesting  experience  re¬ 
cently.  We  assumed  because  the  lumber  was  at 
a  moisture  content  of  7  percent  when  it  reached 
the  slash  saws  that  it  did  not  change  much 
until  becoming  the  finished  product.  I  am  not 
sure  whether  we  assumed  that,  or  just  did  not 
think  at  all,  but  one  day  we  made  a  check  of 
the  moisture  content  as  the  lumber  progressed 
through  the  plant.  We  found  it  was  5  percent 
before  it  was  fully  machined,  4  percent  in  the 
cabinet  room  and  2  percent  in  the  finishing 
room.  Then  we  installed  automatic  humidifiers 
throughout  the  plant. 

Now  moisture  is  automatically  added  if  the 
department  is  too  dry  but  in  the  summer  time 
when  the  humidity  is  too  high  we  do  not  know 
how  to  take  the  moisture  out  of  the  atmo¬ 
sphere.  If  someone  could  find  a  chemical  that 
would  do  this  easily  I  know  many  of  us  would 
be  grateful. 

These  are  the  production  problems  that  come 
most  readily  to  mind.  Unfortunately  it  is  much 
easier  to  state  them  than  to  solve  them. 

Discussion 

E.  George  Stern  (Virginia  Polytechnic  In¬ 
stitute)  :  The  reasons  to  explain  failure  of 
panel  stock  may  be  manifold.  Usually,  a  care¬ 
ful  study  of  existing  conditions  will  bring  to 
light  definite  causes  of  the  difficulties  encoun¬ 
tered.  To  mention  just  a  few: 

During  an  investigation  of  conditions  at 
a  plant,  it  was  found'  that  a  kiln  operator 
was  instructed  to  dry  his  lumber  to  a  mois¬ 
ture  content  of  five  percent.  His  interpreta¬ 
tion  of  the  instruction  was  that  anything  be¬ 
low  five  percent  would  be  perfect. 

At  another  plant,  the  determirution  of 
moisture  content  was  found  to  be  inaccurate 


because  the  balance  was  not  level  and  be¬ 
cause  the  volatiles  were  included  in  the  com¬ 
puted  amount  of  moisture. 

At  another  plant,  the  relative  humidity 
was  determined  with  instruments  requiring 
a  certain  amount  of  air  flow  around  the  wet 
pulp.  A  fan  should  have  been  installed  to 
provide  such  an  air  flow. 

During  the  absence  of  the  regular  kiln 
operator  of  a  plant,  green  and  air-dried  stock 
was  inadvertently  placed  in  the  same  kiln 
and  the  kiln  load  dried  according  to  the 
schedule  for  green  lumber. 

That  panel  stock  which^  was  accidentally 
placed  in  front  of  heating  units  was  dried 
out  excessively  and  not  reconditioned  to 
proper  moisture  content. 

Top  panels  of  tightly  stacked'  stock  piles 
dried  out  excessively  and,  although  warped, 
were  used  in  standard  assembly. 

So  far  it  has  been  possible  for  the  writer  to 
find  the  causes  for  every  failure  upon  careful 
examination  of  given  conditions.  It  may  be 
worthwhile  for  a  plant  encountering  difficulties 
such  as  those  described  in  the  paper  to  have  a 
careful  inspection  made  by  a  qualified  outside 
engineer  who  can  lode  at  given  conditions 
with  an  unbiased  eye. 

Mr.  Crawford:  When  Mr.  Stern  says  causes 
for  every  joint  failure  can  be  found  upon  care¬ 
ful  examination  of  given  conditions,  he  may 
be  begging  the  question  a  little  bit,  if  I  under¬ 
stand  his  wording  correctly.  Unfortunately 
conditions  change  so  rapidly  in  a  furniture 
plant  due  to  the  necessity  of  powerful  dust 
collecting  systems  rapidly  removing  air  that 
has  been  humidified  or  otherwise  conditioned, 
that  conditions  are  never  static.  They  often 
change  within -the  day. 

We  recently  brought  in  a  lecturer  on  wood 
and  its  joint  failures.  While  he  g^ve  us  a  great 
deal  of  good  advice,  unfortunately  the  lumber 
charge  brought  through  under  his  supervision 
gave  us  more  trouble  than  any  we  had  had  in 
the  last  few  years.  However,  we  still  believe  in 
engaging  consultants  from  time  to  time  and 
will  maintain  this  policy  in  the  future. 

The  fact  that  the  National  Furniture  Manu¬ 
facturers  Association  sponsored  a  University  of 
Michigan  research  project  to  study  wood  bond- 
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ing  under  various  conditions,  shows  that  the 
problem  is  still  common  to  many  progressive 
manufacturers  in  the  furniture  industry. 

We  recently  found  that  some  saws  not  more 
than  two  years  old  were  not  making  a  square 
joint.  Since  we  glue  up  from  the  rip  saws,  this 
was  serious.  The  degree  it  was  out  of  square 
could  not  be  observed  by  an  ordinary  square, 
yet  it  was  serious  enough  to  leave  a  hair  line 


joint  observable  when  the  piece  was  finished. 
We  inunediately  bought  new  saws  of  another 
make. 

Those  corrections  are  always  helpful  but  it 
is  still  my  belief  that  a  great  deal  more  must  be 
learned  through  research  about  the  bonding  of 
different  species  of  lumber  under  various  con¬ 
ditions  before  we  can  entirely  eliminate  the 
expense  of  open  joints. 
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TECHNICAL  SESSION  III 
Tuesday,  May  3,  1940,  9:00  A.  M. 

General  Subjea:  Chemical  Utilization  of  Wood  and  Wood 
Preservation 

Chairman:  Kenneth  G.  Chesley,  Director  of  Research,  Crossett  Lumber 
Company,  Crossett,  Arkansas  (South-Central  Regional  Board  Member, 
FPRS) 

Recorder:  Frederick  H.  Vogel,  Professor,  School  of  Forestry,  Alabama 
Polytechnic  Institute,  Auburn,  Alabama  (Trustee,  Florida-Georgia-Ala- 
bama  Section,  FPRS) 
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Utilization  of  Redwood  Bark 


Harry  F.  Lewis 

Research  Associate,  The  Institute  of  Paper  Chemistry,  Appleton,  Wisconsin 


Tbif  paper  fummarizes  the  work  done  to  date  on  the  utiliaation  of  redwood  bark  by  The  Institute  of 
Paper  Cbonittiy  and  The  Pacific  Lumber  ComMny.  The  mechanical  separation  of  the  bark  into  ’’fiber”  and 
’’dust”  fraaions  and  the  chemical  and  plmical  propetties  of  the  fractions  are  given.  Ezperimenta  on  the  use 
of  bark  fiber  in  low  quality  papers,  as  fillers,  tor  plastics,  loose-fill  insulation,  and  textiles,  are  described, 
lie  use  of  tbe  ’’dust”  frattion  as  a  filler  for  plastics  and  as  a  substitute  for  peat  moss  and  problems  involved 
in  such  use  are  given.  'Tbe  low  methoxyl  content  of  redwood  bark  lignin  as  compared  to  tte  metboxyl  content 
of  wood  lignin  and  the  production  of  sodium  palconate  from  the  add  fraaion  of  the  bark  are  l&ewise 
described. 


Introduction 

AN  INCREASING  interest  can  be  noted  in 
the  chemistry  and  technology  of  bark. 
Although  no  attempt  will  be  made  in 
this  paper  to  review  the  recent  work  in  the 
field,  reference  can  be  made  to  the  report  on 
the  "Chemistry  and  Utilization  of  Bark”  pub¬ 
lished  by  the  Northeastern  Wood  Utilization 
Council,  January,  1949,  and  to  articles  by 
Kurth  (1),  Segall  and  Purves  (2),  and  Wacek 
and  Schon  (3).  References  will  be  found  to 
the  work  of  Zellner,  Zetzsche,  Sharkov,  and 
others  in  the  above  articles. 

Redwood  bark  may  be  recovered  in  relatively 
large  amounts  as  one  of  the  by-products  of  the 
redwood  lumbering  operation.  The  following 
report  describes  many  of  the  studies  which 
have  been  made  by  The  Pacific  Lumber  Com¬ 
pany  and  The  Institute  of  Paper  Chemistry, 
looking  toward  the  complete  utilization  of  this 
bark.  Fritz  (4)  has  estimated  that  the  bark 
present  on  the  merchantable  timber  in  a  red¬ 
wood  (^ration  amounts  to  approximately  23.6 
cords  per  acre.  The  figures  have  been  found 
to  vary  over  a  considerable  range  depending  on 
the  size  of  the  trees  and  differences  in  indi¬ 
vidual  trees.  In  one  operation,  a  mill  cutting 
500,000  board  feet  of  redwood  lumber  per  day 
recovered  up  to  282  cords  of  bark  as  a  by¬ 
product.  Not  all  this  bark  is  actually  recover¬ 
able  at  the  mill,  for  a  portion  of  it  is  lost 
in  the  general  processing  operation;  on  the 
other  hand,  there  would  be  a  considerable 
quantity  of  bark  which  could  be  salvaged  from 
the  nonmerchantable  wood.  The  actual  ton¬ 
nage  at  this  mill  would  be  roughly  12,000  to 
14,000  tons  a  year  (airdry  basis).  The  dis¬ 
posal  of  such  an  amount  of  bark  without  any 


utilization  whatever  at  the  mill  would  be  quite 
a  problem,  for  redwood  bark  is  diihcult  to 
burn,  and  there  is  no  other  way  of  consuming 
it  at  the  mill.  One  alternative  is  to  bark  the 
wood  after  the  tree  is  felled  and  bring  in  only 
the  barked  logs.  This  means  the  waste  of  a 
large  amount  of  valuable  fiber  and  nonfibrous 
organic  material.  Another  alternative  is  to  de¬ 
velop  satisfactory  uses  for  the  major  portion 
of  it. 

Anatomical  Units  of  Redwood  Bark- 

Redwood  bark  is  made  up  chiefly  of  five 
types  of  cells:  sieve  cells,  phloem  parenchyma, 
phloem  ray  parenchyma,  fibers,  and  cork  cells. 
The  sieve  cells  appear  to  comprise  a  majority 
of  the  cells  in  the  inner  bark.  The  fibers  are 
adapted  to  the  mechanical  strengthening  of  the 
bark  structure.  They  are  arranged  in  tangential 
uniseriate  rows  which  seem  to  occur  with  some 
regularity.  It  is  diflicult  to  determine  the  fre¬ 
quency  of  formation  of  these  rows  in  the 
older  sections  of  the  bark,  but  the  indications 
are  that  one  row  of  fibers  is  formed  each  year. 
The  fibers  are  responsible  for  more  than  25 
percent  of  the  weight  of  the  bark;  their  aver¬ 
age  length  is  between  6  and  8  mm.,  although 
a  few  are  m  excess  of  10  mm.  with  no  sig¬ 
nificant  difference  in  the  length  in  young  and 
old  bark.  In  the  outer  bark,  the  cork  and  ray 
parenchyma  cells  appear  to  be  full  of  a  red¬ 
dish-brown  alkali-soluble  material,  acidic  in 
nature.  To  a  much  smaller  degree  this  or  a 
related  material  is  on  or  in  the  walls  of  the 
other  cells. 

A  detailed  description  of  the  anatomy  of 
redwood  bark  has  been  published  by  Isen- 
berg  (3).  Technical  articles  on  the  chemical 
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composition  of  the  bark  have  likewise  been 
published  by  Brauns,  Lewis,  and  co-work¬ 
ers  (6,  7).  In  view  of  the  extended  discus¬ 
sion  on  the  physical  and  chemical  structure  of 
redwood  bark  by  these  men,  no  attempt  will 
be  made  to  review  the  material  in  detail. 

How  Bark  Components  Are  Separated 

A  description  of  the  process  for  separating 
the  fibrous  material  in  the  bark  from  the  re¬ 
maining  structure  may  prove  interesting.  The 
log  with  its  bark  is  brought  to  The  Pacific 
Lumber  Company  mill  at  Scotia  (generally  by 
rail),  unloaded  into  the  pond,  and  floated  to 
the  bark  plant  where,  the  bark  is  removed  in 
large  slabs.  These  slabs  are  run  through  ham¬ 
mer  mills  where  the  walls  of  the  rather  brittle 
short  cells  break 'down,  resulting  in  a  crude 
separation  of  ropy  fiber  bundles  and  finely 
divided  dust.  A  modified  textile  operation  is 
used  to  separate  the  coarse  fiber  and  the  dust. 
In  this  operation  the  mixture  of  the  fiber  and 
the  bark  dust  from  the  hammer  mill  is  deliv¬ 
ered  to  a  magazine  feed,  the  vertical  apron  of 
which  permits  a  volumetric  feedi.ng  to  three 
cone  willow  dusters  which  screen  the  larger 
portion  of  the  dust  and  broken  fiber  ends  re¬ 
sulting  from  shredding  from  the  fibrous  frac¬ 
tion.  From  the  cone  willow  operation,  the  fiber 
is  delivered  by  air  suction  over  a  textile  con¬ 
denser,  then  to  a  textile  lumper  picker  which 
refines  the  fiber  still  further  and,  finally,  over 
a  second  condensing  operation.  From  this  op¬ 
eration  the  fiber  goes  to  a  tunnel-type  conveyor 
drier  about  120  feet  in  length.  From  the  dry 
end  of  the  drier,  the  fiber  is  delivered  by  air 
to  a  third  condenser  operation  and  is  then  fed 
to  a  volumetric  feeder  from  which  it  passes 
to  its  subsequent  processing  operation  and  bal¬ 
ing  for  shipment.  The  short  fibers  and  dust 
from  these  condensing  operations  pass  through 
a  cone  cylindrical  screen  operation  for  dust 
removal.  The  fiber  fraction  from  this  latter 
operation  is  then  fed  to  a  mechanical  air  sep¬ 
arator,  the  fines  from  which  constitute  a  super- 
refined  bark  product  termed  "Fiber  A”.  The 
bark  dust  end  product  represents  both  the  short, 
thin-walled  cells  and  short  pieces  of  fiber  in  a 
degraded  condition  which  result  from  these 
various  operations.  In  reviewing  the  further 
studies,  it  is  necessary  to  refer  either  to  the 
fiber  fraction  or  to  the  dust  fraction;  the  fiber 


fraction  is  the  coarse  product  from  the  con¬ 
denser  after  drying,  the  dust  is  the  fine  frac¬ 
tion  from  the  mechanical  air  separator. 

Chemical  Characteristics 

A  conventional  analysis  of  either  the  fiber 
or  dust  by  the  Klason  method  points  to  an 
extraordinarily  high  "lignin”  content.  Further 
investigation,  however,  of  the  so-called  "lignin’ 
reveals  the  fact  that  a  large  part  of  the  mate¬ 
rial  determined  as  lignin  is,  in  truth,  not  lignin 
at  all.  The  principal  constituent  of  this 
"lignin”  is  easily  soluble  in  hot,  dilute  caustic 
solutions.  It  differs  from  the  lignin  in  th(! 
wood  in  being  practically  free  of  methoxyl  anti 
in  having  significantly  more  phenolic  hydroxyls 
^^and  carboxylic  groups.  In  addition  to  the 
"bark  lignins,”  the  bark  fiber  contains  a  cer¬ 
tain  quantity  of  pectic  acid  and  cellulose  but 
only  a  small  amount  of  extractives.  Successive 
extractions  of  the  bark  fiber  reveal  the  presence 
of  approximately  0.2  percent  of  ether-soluble 
material,  2.5  percent  of  alcohol-soluble  mate¬ 
rial,  and  4.5  percent  of  hot  water-soluble  mate¬ 
rial.  Both  the  alcohol  and  water  fractions  con¬ 
tain  small  amounts  of  tannins  and  phlobaphene 
in  an  amount  not  in  excess  of  2  percent. 
Larger  relative  volumes  of  hot  water  will  dis¬ 
solve  up  to  15  percent  of  the  bark.  The  fiber 
contains  about  7  to  8  percent  of  pentosans  and 
approximately  60  percent  of  reducing  sugar 
after  hydrolysis,  which  (calculated  to  cellu¬ 
lose)  would  indicate  the  presence  of  about  54 
percent  of  cellulose.  Actually,  the  value  in¬ 
cludes  lesser  amounts  of  other  polysaccharides 
yielding  reducing  sugars  on  hydrolysis,  such  as 
mannan  and  xylan.  The  remainder,  41.8  per¬ 
cent  in  one  sample  by  actual  test,  consists  of 
the  "lignin”  fraction.  Whereas  the  principal 
component  of  the  "lignin”  (the  low  methoxyl 
acid  body)  makes  up  three  quarters  of  the 
fraction,  the  remainder  seems  to  be  a  bark 
lignin  very  similar  to  redwood  lignin. 

Pulping  Tests 

One  of  the  first  impul^s  of  anyone  inter 
ested  in  the  manufacture  of  pulp  and  paper 
would  be  to  study  redwood  bark  fiber  as  a 
papermaking  material.  This  has  been  done 
Ccraking  by  either  the  sulfite  or  soda  process 
does  not  yield  a  delignified  pulp.  The  prin- 
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>  ipal  result  of  either  process  is  to  dissolve  the 
icid  constituent.  The  black  liquors  are  com¬ 
posed  mainly  of  the  sodium  salts  of  either  the 
icid  or  the  sulfonated  acid  (in  the  sulfite 
cook).  The  true  lignin  constituent  is  removed 
very  slowly  even  on  recooking  the  pulp.  A 
modification  of  an  alkaline  cooking  process  was 
employed  in  preparing  the  bark  fiber  pulp 
which  was  converted  into  the  Fibrite  separators 
for  use  in  nonspill  plastic-type  batteries  so 
popular  during  World  War  II  in  the  'Walkie- 
Talkie”  and  in  many  electronic  instruments; 
in  this  process  a  mild  cook  removed  a  large 
amount  of  the  pectin  material  and  a  portion  of 
the  organic  acids,  and  the  separator  sheet  was 
formed  on  a  Fourdrinier  machine.  Such  a 
sheet  is  very  porous  and  is  not  particularly 
strong  in  terms  of  a  conventional  sheet  of  the 
same  caliper. 

Further  papermaking  experiments  were  car¬ 
ried  out  with  unpulped  Fiber  A,  using  mix¬ 
tures  of  83  percent  of  bleached  soda  pulp  and 
15  percent  of  Fiber  A.  A  sheet  of  paper  made 
from  100  percent  soda  pulp  would  be  a  rela¬ 
tively  weak  sheet,  and  any  desirable  effect  of 
the  bark  fiber  was  certain  to  be  evidenced  by 
the  properties  of  the  resulting  sheet.  The  bark 
fiber  in  this  amount  does  not  lower  the  burst¬ 
ing  strength  of  the  paper;  in  fact,  it  increases 
the  tear  strength  markedly.  In  a  second  set  of 
experiments,  sheets  were  made  from  65  per¬ 
cent  of  unbleached  sulfite  pulp,  20  percent  of 
groundwood  pulp,  and  15  percent  of  bark 
fiber;  these  were  compared  with  sheets  made 
from  80  percent  of  sulfite  pulp  and  20  percent 
of  groundwood  pulp.  The  strength  tests  indi¬ 
cate  that  the  introduction  of  15  percent  of  bark 
fiber  instead  of  the  same  amount  of  sulfite 
pulp  does  not  greatly  reduce  the  strength  of 
the  sheet.  In  the  next  series  of  experiments, 
studies  were  made  of  furnishes  which  might  be 
used  in  a  second-grade  hanging  stock.  Such 
stock  is  made  up  of  groundwood  and  un¬ 
bleached  sulfite,  generally  to  the  extent  of  80 
percent  of  groundwood  and  20  percent  of  un¬ 
bleached  sulfite.  The  complete  replacement  of 
the  sulfite  by  bark  fiber  results  in  the  produc¬ 
tion  of  paper  which  is  weaker  than  the  100 
percent  groundwood  furnish  alone,  although 
if  does  have  a  somewhat  better  tearing  strength. 
The  replacement  of  half  the  sulfite  by  bark 


fiber  produces  a  sheet  which  is  stronger  than 
100  percent  groundwood  but  weaker  than  the 
80-20  ground  wood-sulfite  sheet.  It  does  not 
seem  possible  to  substitute  bark  fiber  for  un¬ 
bleached  sulfite  in  a  No.  2  hanging  stock  and, 
at  the  same  time,  produce  a  paper  having  the 
same  characteristics  as  furnishes  containing  un¬ 
bleached  sulfite  and  news  groundwood  alone. 

Characteristics  of  the  Bark  as  a  Plastic  Filler 

Redwood  bark  fiber  has  been  suggested  as  a 
filler  for  plastics.  Bark  fiber  sheets  of  a  thick¬ 
ness  of  0.05  inch  have  been  impregnated  with 
a  phenol-formaldehyde  low-pressure  molding 
resin  for  use  in  the  manufacture  of  low-pressure 
laminates.  A  panel  prepared  by  laminating  six 
sheets  of  this  paper  impregnated  with  40  per¬ 
cent  of  resin  at  a  pressure  of  500  psi.  and 
300°  F.  has  a  specific  gravity  of  1.36,  a  tensile 
strength  of  about  15,000  psi.,  a  modulus  of 
elasticity  (in  psi.  X  10®)  of  1.54,  an  edgewise 
notched  Charpy  impact  of  0.54  ft.-lb.  per  inch 
of  notch,  and  a  water  absorption  of  1.27  per¬ 
cent.  The  fibrous  material  has  also  been  used 
as  a  filler  in  molding  powders,  employing  a 
variety  of  thermosetting  and  thermoplastic 
resins.  Tne  products  obtained  are  either  about 
the  same  or  slightly  better  than  those  contain¬ 
ing  an  equal  quantity  of  wood  flour  filler. 
Since  the  cost  of  the  fiber  is  several  times  that 
of  wood  flour,  such  application  would  be  im- 
economical  unless  some  method  is  developed 
for  utilizing  the  product  to  better  advantage. 

Redwood  Bark  as  Insulation 

One  of  the  oldest  uses  for  redwood  bark 
fiber  has  been  as  loose-fill  insulation.  The  mate¬ 
rial  supplied  for  this  purpose  represents  a 
shredded  product  of  fairly  long  fiber  bundles 
still  containing  some  of  the  short-fibered  cells 
which  adhere  to  the  bundles.  These  do  not  in¬ 
terfere  with  the  efficiency  of  the  loose-fill  insu¬ 
lation.  The  material  is  applied  at  an  average 
density  of  approximately  5  lb.  per  cu.  ft.  Very 
little  settling  results  at  this  density,  even  over 
long  periods  of  time  and  under  fairly  severe 
vibrating  conditions.  These  properties  make  it 
useful  for  cold  storage  insulation  and  for  house 
insulation.  The  thermal  conductivity  per  hour 
per  inch  of  thickness  per  square  foot  per  de¬ 
gree  Fahrenheit  temperature  difference  has  been 
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found  to  be  0,255  at  a  density  of  five  pounds. 
This  compares  favorably  with  low  density  cork 
board  and  with  balsam  wool  and  glass  wool, 
although  these  latter  materials  have  a  much 
lower  density.  Although  the  redwood  bark 
fiber  itself  is  resistant  to  burning,  it  has  been 
found  possible  to  improve  the  fire-resistant 
characteristics  by  the  addition  of  a  fireproofing 
treatment  consisting  of  ammonium  salts. 

Textiles,  Bats,  and  Filters 

The  use  of  redwood  bark  fiber  in  textiles  is 
limited  by  the  fact  that  the  fiber  has  a  dark 
reddish-brown  color  and,  for  this  reason,  it 
can  be  used  only  with  materials  having  a  dark 
shade.  Textile  mill  runs  have  been  carried  out 
with  blends  of  Fiber  A  and  wool.  Amounts 
up  to  50  percent  of  bark  fiber  can  be  mixed, 
particularly  with  low-grade,  re-used  wool  fiber, 
and  the  cloth  produced  appears  to  be  very 
satisfactory  for  certain  applications — as  in  in¬ 
expensive  men’s  suiting,  overcoats,  mackinaws, 
low-priced  blankets,  and  other  products. 

A  large  amount  of  redwood  bark  fiber  in 
combination  with  cotton  has  been  used  for  the 
manufacture  of  bats  for  mattresses  and  related 
products.  Mattress  filling  has  been  made  from 
60  percent  cotton  and  40  percent  Fiber  A. 
Tests  made  on  the  product  as  a  mattress  filling 
in  a  commercial  testing  laboratory  have  shown 
that  the  best  results  are  obtained  with  this 
blend.  They  indicate  that  the  addition  of  the 
redwood  bark  fiber  to  the  cotton  has  two 
effects — first,  the  bark  fiber  adds  to  the  resili¬ 
ency  of  the  product  and,  second,  the  bark  fiber- 
cotton  mixture  picks  up  moisture  more  slowly 
and  releases  it  more  rapidly  than  does  cotton 
alone.  This  is  a  definite  advantage,  particularly 
where  the  mattresses  are  used  under  humid 
conditions.  On  the  other  hand,  the  addition  of 
40  percent  of  the  bark  fiber  to  the  cotton  mkkes 
it  necessary  to  add  5  to  15  percent  additional 
weight  in  order  to  produce  the  same  bulk  of 
filling. 

A  somewhat  similar  mixture  of  cotton  and 
Fiber  A  has  been  employed  as  oil  filters  for 
diesel  engines.  In  this  case,  waste  stripper  cot¬ 
ton  has  been  used.  The  physical  characteristics 
of  the  fiber,  together  with  the  resiliency  of  the 
blend,  give  a  good  flow  factor  and  satisfactory 
filtering  performance. 


Bleaching  Trials 

Attempts  have  been  made  to  improve  the 
color  of  redwood  bark  fiber.  The  ^emically 
pulped  fiber  is  bleached  only  with  difficulty 
by  conventional  bleaching  agents.  'This  might 
be  expected  in  view  of  the  difficulty  encoun¬ 
tered  in  attempting  to  delignify  these  bark 
fibers  completely.  However,  they  can  be 
bleached  easily  by  sodium  peroxide  or  sodium 
chlorite.  The  resulting  white  fiber  from  the 
sodium  chlorite  operation  is  more  brittle  than 
the  wood  fiber  of  the  same  appearance  and 
method  of  purification;  it  is  not  attractive  as 
a  source  of  either  textile  or  papermaking  mate¬ 
rial  in  the  conventional  sense.  Unfortimately, 
in  attempting  to  improve  the  color  of  the  fiber 
by  removing  or  chemically  modifying  the  col¬ 
ored  compounds,  the  desirable  physical  struc 
hire  of  the  fiber  is  impaired.  The  pectin  in  tht 
fiber  is  soluble  in  hot  water,  in  caustic,  and  in 
the  ordinary  bleaching  solution.  Other  alkali- 
soluble  carbohydrates  will  also  be  removed  by 
bleaching  agents.  Efforts  to  restore  the  desir¬ 
able  properties  through  the  addition  of  soften¬ 
ing  agents  have  been  only  partly  successful. 

Add  Resistance  of  the  Fiber 

Although  the  insulating  characteristics  of 
the  bark  fiber  make  possible  many  interesting 
applications,  it  would  seem  that  applications 
where  low-price  acid-resisting  fibers  are  used 
might  be  developed.  The  refined  fiber  behaves 
as  though  it  were  completely  surrounded  by  a 
continuous  film  of  lignin.  As  an  illustration, 
the  use  of  redwood  bark  fiber  in  the  Fibrite 
separators  is  a  case  in  point.  Here  it  must  not 
only  withstand  the  action  of  sulfuric  acid  at 
elevated  temperatures  for  long  periods  but  also 
the  action  of  pxygen  and  hydrogen  under  the 
same  conditions.  Actual  tests  show  only  a  rela¬ 
tively  small  loss  in  alpha-cellulose  after  service. 

Characteristics  of  the  Dust 

More  than  half  of  the  bark  separated  com¬ 
mercially  is  the  so-called  "bark  dust.”  'Tht 
greater  percentage  of  this  dust  dissolves  quickly 
in  four  percent  caustic  at  160®  C.  and,  from 
this  alkaline  solution,  no  precipitate  is  obtained 
with  carbon  dioxide  in  direct  contrast  to  the 
behavior  of  the  lignin  in  alkaline  black  liquor'^ 
from  the  soda  or  kraft  wood  pulping  proc 
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esses.  On  acidification  with  hydrochloric  acid, 
a  voluminous  brown  precipitate  is  formed. 
When  this  is  further  purified,  it  shows  a 
methoxyl  content  of  less  than  0.1  percent.  Un¬ 
der  these  same  conditions,  the  lignin  isolated 
from  an  alkaline  cook  of  the  wood  would  show 
about  15  percent  of  methoxyl.  The  active 
groups  are  largely  carboxyls  and  hydroxyls, 
Arith  twice  as  many  hydroxyl  as  carboxyl  groups. 

If  a  minimum  molecular  weight  of  835  (based 
upon  the  phenolic  hydroxyl  content)  is  as¬ 
sumed,  there  would  be  three  carboxyl  groups, 
two  alcoholic  hydroxyls,  and  four  phenolic  hy¬ 
droxyls.  This  would  seem  to  indicate  other 
possible  uses  for  "Palconic  acid.”  In  addition 
to  the  acid  fraction,  the  bark  dust  contains 
approximately  ten  percent  of  a  hot  water- 
soluble  product  which  is  almost  entirely  pectin. 
Analysis  of.  this  pectin  by  Dr.  Anderson  of  the 
University  of  Arizona  shows  the  presence  of 
76  percent  uronic  acid,  25.9  percent  pentosans, 
and  0.53  percent  methoxyl.  The  rotation  in 
two  percent  ammonium  hydroxide  is  -|-233®. 
The  value  is  similar  to  other  values  for  pectic 
acid.  In  addition,  the  broken  ends  of  the  fibers 
yield  cellulose.  It  must  be  kept  in  mind  that, 
with  a  natural  product  of  this  type,  one  is  not 
dealing  with  a  uniform  and  homogeneous  com¬ 
pound  but  rather  with  a  product  of  varying 
molecular  size  which  may  change  significantly 
in  composition  during  isolation.  Among  the 
extractives  in  bark  dust  will  be  found  small 
amounts  of  water-  and  alcohol-soluble  tannin, 
phlobaphenes,  and  related  materials,  together 
with  about  0.6  percent  of  waxy  material  soluble 
in  trichloroethylene,  benzene,  petroleum  ether, 
and  acetone.  - 

Possible  Dust  Applications 

Some  work  has  been  carried  out  where  the 
bark  dust  has  been  compared  with  peat  moss. 
In  the  first  experiments,  the  two  products  were 
compared  for  variations  in  composition.  The 
results  show  the  bark  dust  to  contain  sli^tly 
less  nitrogen,  about  the  same  very  small 
amounts  of  potassium,  about  twice  as  much 
phosphorous,  and  a  fourth  as  much  calcium. 
The  water  extract  from  the  bark  dust  was  ap¬ 
preciably  more  acid  than  that  from  the  peat; 
both  were  decidedly  acid. 

A  comparative  test  for  so-called  humic  acid 
by  the  Eller  method  (%),  using  two  percent 


sodium  hydroxide  solution  at  20°  C.,  yielded 
7.5  percent  "humic  acid”  from  the  bark  and 
11.9  percent  from  the  peat  moss.  At  higher 
concentrations  and  for  longer  times,  the  recov¬ 
eries  are  about  the  same  for  the  two  products. 

In  actual  use,  the  bark  product  seems  longer 
lived  than  the  peat  moss. 

The  humic  acids  characteristically  bind  am¬ 
monia  which  cannot  be  removed  by  cooking 
with  strong  caustic.  It  has  been  shown  that 
bark  dust  and  peat  moss  bind  about  the  same 
amount.  In  one  bark  product,  better  than  ten 
percent  of  ammonia  was  bound  and,  of  this, 
3.1  percent  represented  ammonium  plus  amide 
nitrogen,  the  rest  being  combined  in  some 
other  form.  A  final  property  of  interest  is  the 
water-binding  capacity  of  mulches.^  On  a  vol¬ 
ume  basis,  bark  dust  is  twice  as  dense  but  has 
only  one  third  the  water-holding  capacity  of  the 
peat  moss.  These  are  very  preliminary  experi¬ 
ments. 

Bark  dust  may  serve  to  function  by  condi¬ 
tioning  the  soil,  permitting  improved  drainage 
and  availability  of  oxygen;  at  the  same  time,  it 
contains  small  amounts  of  minerals,  holds  a 
certain  amount  of  water,  and  yields  some  sol¬ 
uble  organic  material  to  the  soil.  Because  of 
its  greater  stability,  it  might  be  expected  to 
remain  in  the  soil  for  longer  periods  of  time 
than  does  peat  moss. 

On  destructive  distillation  a  ton  of  bark 
dust  yields  about  900  pounds  of  charcoal  and 
52  pounds  of  tar.  More  than  half  the  tar  is  a 
mixture  of  higher  fatty  acids  and  lower  phe¬ 
nols;  in  addition,  about  15  pounds  of  neutral 
oils  and  a  pound  of  nitrogen  bases  can  be 
recovered  per  ton  of  dust.  The  neutral  oil  frac¬ 
tion  contains  hydroacetylacetone. 

The  dust  may  be  converted  to  derivatives  of 
the  acidic  constituent  having  some  potentiality 
as  colloidal  agents.  A  pilot  plant  has  been  set 
up  at  The  Institute  of  Paper  Qiemistry  for 
manufacturing  sizable  amounts  of  either  the 
sodium  salt  of  the  acid  under  the  trade  name 
of  Sodium  Palconate,  of  the  free  acid  itself,  or 
modifications  of  these  products.  Kottwitz  and 
Forman  (9)  have  described  the  pilot  plant  and 
its  operation.  In  brief.  Sodium  Palconate  is 
made  by  cooking  either  with  alkali  or  with 
other  suitable  reagents  and  the  salts  are  con¬ 
verted  to  the  free  acids  by  resin  exchange.  The 
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solid  acids  are  also  concentrated  and  spray 
dried.  Siaable  amounts  of  any  of  these  prod¬ 
ucts  are  available  for  testing. 

Among  the  potential  uses  of  Sodium  Pal- 
conate  is  as  an  oil  well  drilling  mud  additive. 
Although  the  actual  data  on  Sodium  Palconate 
as  a  drilling  mud  additive  have  not  yet  been 
published,  many  tests  have  been  made  which 
show  that  this  product,  either  in  the  form  of 
Sodium  Palconate  or  as  a  recently  developed 
derivative,  may  find  a  rather  wide  use  in  certain 
drilling  operations  as  a  replacement  for  que¬ 
bracho.  These  materials  have  been  found  to 
control  viscosity,  water  loss,  and  gel  strength 
in  many  types  of  muds.  Another  related  use  is 
in  the  flotation  of  fluorspar  from  calcium  car¬ 
bonate  and  silica  where  oleic  acid  is  added  as 
a  flotation  agent  and  either  quebracho  or  the 
Palconates  serve  to  depress  both  calcite  and 
silica  by  acting  as  a  deflocculating  agent. 

It  is  not  possible  at  this  time  to  review  other 
applications  for  derivatives  of  the  bark  acid 
or  for  the  bark  fiber.  Studies  are  actively  in 
progress  which  appear  to  offer  hope  for  the 
more  effective  utilization  of  redwood  bark. 

I  should  like  to  close  with  the  comment  that 
research  looking  to  the  development  of  uses 
for  the  by-products  or  wastes  of  our  forest 
products  (^rations  is  neither  spectacular  from 
a  scientific  standpoint  nor  does  it  often  point 
the  way  to  hidden  gold.  We  are  working  with 
substances  which  we  cannot  classify  chemically 
because  of  the  difiiculties  involved  in  their 
purification  and,  because  of  this,  in  much  of 
our  work,  we  are  groping  in  the  dark  towards 
our  goal.  We  always  have  the  probable  com¬ 
petition  from  the  chemical  industry  for  the 
markets  we  may  develop  or  hope  to  serve,  but 
we  have  the  assurance  that  the  fundamental 
and  applied  research  we  do  today  will  be  useful 
tomorrow,  provided  we  see  to  it  that  our  for¬ 
ests  are  not  destroyed. 
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Discussion 

A.  B.  Recknagle  (St.,  Regis  Paper  Com¬ 
pany)  :  Why  have  no  otfier  redwood  operators 
followed  the  lead  of  the  Pacific  Lumber  Com¬ 
pany  in  utilizing  bark? 

Dr.  Lewis:  The  Pacific  Lumber  Company 
has  spent  a  considerable  amount  of  money  in 
developing  processes  and  equipment  for  pro¬ 
ducing  bark  fibers  essentially  free  from  the  so- 
called  dust.  In  addition,  they  have  had  to  de¬ 
velop  uses  andl  sales  outlets.  Even  today  their 
bark  processing  operations  might  still  be  looked 
upon  as  experimental,  although  the  uses  which 
have  been  developed  have  been  sound.  Why 
other  companies  do  not  utilize  the  bark,  I  do 
not  know;  it  is  possible  that  the  market  has  not 
been  suflSciently  attractive. 

Robert  M.  Boehm  (Masonite  Corporation)  : 
Will  you  please  comment  on  the  problem  of 
dust  removal  from  redwood  bark  fibers  and 
give  us  an  estimate  of  what  percent  of  bark  is 
fiber? 

Dr.  Lewis:  In  the  general  operations  of  the 
Pacific  Lumber  Company,  essentially  half  of  the 
bark  is  recovered  as  loose  fill  insulation  fiber; 
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the  rest  is  dust.  The  actual  content  of  fiber  in 
the  bark  by  weight  probably  runs  about  25 
percent,  although  it  is  very  hard  to  give  an 
exact  figure.  The  dust  is  recovered  in  cyclones 
and  in  dust  filters,  but  it  is  still  difficult  to 
condense  it  completely. 

Kenneth  G.  Chesley  (Crosset  Lumber  Com¬ 
pany)  :  About  how  many  tons  of  redwood  bark 
are  there  per  acre  in  relation  to  the  total  weight 
of  wood  per  acre? 

Dr.  Lewis:  Professor  Fritz  has  made  a  study 
of  732  trees  on  31  acres.  His  figures  show 
that  the  trees  yielded  3,774,047  bd.  ft.  Spauld¬ 
ing  (121,740  bd.  ft.  per  acre)  and  730  cords 
of  bark  (23.6  cords  per  acre),  or  1  cord  of 
bark  per  5150  bd.  ft.  of  logs.  Trees  under 
commercial  size  were  not  included  in  the  study. 
The  yields  were  computed  from  dimensions 
and  were  not  checked  by  field  piling.  Un¬ 
doubtedly  other  studies  would  yield  still  dif¬ 
ferent  results. 

Irving  H.  Isenberg  (Institute  of  Paper 
Chemistry) :  It  may  be  well  to  point  out  that 
many  species  of  trees  do  not  contain  true  fibers 
in  their  barks.  Among  our  softwoods,  the 
cedars,  bald-cypress,  redwood  and  bigtree  do 
have  fibrous  barks.  Certain  hardwoods,  such  as 
basswood,  also  are  fibrous  in  nature.  However, 
the  barks  of  various  species  available  in  con¬ 
tinued  large  amounts  may  contain  interesting 
chemical  material  and,  hence,  should  be  ex¬ 
plored  much  more  broadly  and  thoroughly  than 
they  have  been  to  date. 

Dr.  LewV/.What  you  point  out  is  true.  I 
might  add  that  various  eucalyptus  trees  also 
have  true  bark  fibers. 

Mr.  Chesley:  That  is  a  good  point.  1  can 
see  that  my  company  won’t  be  asking  me  to 
produce  bark  fibers  from  our  species  at  Cros- 
sett. 

Emanual  Fritz  (University  of  California) : 
Bark  is  as  much  a  part  of  the  tree  as  is  wood, 
and  like  the  wood  it  must  be  grown.  Its  prop¬ 
erties,  however,  are  generally  such  that  it  has 
little  utilitarian  value.  A  few  trees  do  produce 
barks  valuable  for  tannin,  coric,  medicinal 
bases,  and  insulation,  but,  mostly,  the  bark  is 
a  nuisance  to  the  lumber  industry. 


Since  bark  adds  materially  to  the  cost  of 
"waste”  disposal  it  is  only  natural  that  the 
operator  should  speculate  on  its  possible  con¬ 
version  from  a  loss  to  a  profit.  Particularly  is 
this  true  when  the  volume  of  the  bark  looms 
large.  Such  is  the  case  with  the  bark  of  the 
Pacific  Coast  redwood  (Sequoia  sempervirens). 

On  individual  large  old  trees  redwood  bark 
varies  from  3  to  5  inches  in  thickness  to  occa¬ 
sionally  12  inches.  Such  thick  bark  occurs  only 
in  the  lower  or  butt  portion  of  the  tree.  Up¬ 
wards  from  the  butt  it  becomes  thinner  rap¬ 
idly.  Acre-wise  the  bulk  of  the  bark  is  large, 
varying  from  10  to  more  than  20  cords  per 
acre. 

To  the  redwood  lumberman,  the  bark  of  red¬ 
wood  causes  considerable  concern.  It  is  not 
only  thick  but  also  dense,  tough  and  fibrous. 
A  hundred  years  of  sawmill  experience  has 
proven  that  the  bark  must  be  removed  prior  to 
sawing  or  else  the  head  saw  will  not  operate 
well  and  the  lumber  will  lack  uniform  thick¬ 
ness.  Traditionally  the  bark  was  removed  in 
the  woods  where  the  tree  fell.  In  recent  years 
a  good  start  has  been  made  toward  removing  it 
to  a  central  point,  such  as  a  transfer  or  re¬ 
loading  point  in  the  woods,  or  at  a  special 
landing  at  the  manufacturing  plant.  There  are 
definite  advantages  to  centralized  peeling,  such 
as  protection  for  the  logs  against  bruising  dur¬ 
ing  yarding  and  against  damage  by  an  acci¬ 
dental  fire,  protection  against  surface  checking 
when  logs  must  be  left  in  the  woods  several 
months,  lowered  cost  of  peeling,  and  a  re¬ 
duced  fire  hazard.  Currently  it  costs  upward  of 
$1.00  per  M  feet,  log  scale,  for  direct  labor 
for  peeling;  indirect  costs  raise  the  total  close 
to  $2.00  per  M.  Even  if  unpeeled  logs  could 
be  sawed  satisfactorily  the  bark  still  would  pose 
a  problem.  All  the  way  from  the  woods  load¬ 
ing  point  to  the  sawmill  deck  part  of  it  tears 
off  and  "messes  up”  the  decks.  The  logger  and 
sawmill  man  classify  the  bark  problem  as  their 
"number  one  headache.” 

Not  only  lumber  operators  but  others  have 
been  intrigued  by  the  fibrous  character  of  the 
bark  and  its  possible  utility.  Prior  to  1920, 
U.  S.  McMillan  devised  a  machine  for  shred¬ 
ding  bark  strips  and  slabs  and  sold  the  fiber 
to  manufacturers  of  roofing  felts  and  building 
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papers.  Shortly  thereafter,  C.  H.  Brown  of 
Eureka,  Gdifornia  established  a  plant  for  pro¬ 
ducing  shredded  bark  for  the  same  purpose 
and  for  insulation.  Much  later  John  Alexander 
investigated  the  use  possibilities,  set  up  a  plant 
in  Santa  Cruz,  and  promoted  the  fiber  for  in¬ 
sulation,  a  soil  amendment,  a  garden  mulch 
and  for  various  medicinals.  But  it  was  The 
Pacific  Lumber  Co.,  of  Scotia,  California  that 
investigated  the  bark  in  a  complete  and  system¬ 
atic  way,  inaugurated  scientific  studies  and  set 
up  a  substantial  plant.  Its  studies  began  in 
1928,  and  in  1930  it  opened  its  large  peeling, 
shredding,  refining  and  baling  plant.  Cur¬ 
rently  there  are  four  shredding  plants,  but  only 
that  of  The  Pacific  Lumber  (lo.  is  in  steady 
operation.  The  scientific  investigations  were 
made  for  the  company  by  the  Institute  of  Paper 
Chemistry  under  a  long  range  program  of 
fundamental  research  directed  by  Dr.  Harry  F. 
Lewis. 

The  establishment  of  the  "P.  L.”  bark  de¬ 
partment  brought  about  a  marked  change  in  the 
woods  and  in  the  yield  of  lumber  from  the 
logs.  The  company  used  to  peel  in  the  woods, 
then  it  fired  the  entire  peeled  timber  area  to 
dispose  of  the  debris.  After  the  burning,  the 
trunks  were  bucked  into  log  lengths,  yarded 
out  and  transported  to  the  mill.  Many  of  the 
logs  were  charred  but  at  that  time  sapwood 
was  not  highly  regarded.  Now  the  logs  are 
yarded  "with  the  bark  on”  and  are  peeled  at 
the  plant.  The  logs  now  are  bright  and  clean 
and  the  sawyer  has  a  much  better  opportunity 
to  get  the  full  value  out  of  them. 

Any  plan  to  utilize  bark  must  be  predicated 
on  volume  production  of  a  product  that  is 
unique  and  not  readily  replaced  by  a  substi¬ 
tute.  In  this  respect  the  utilization  of  redwood 
bark  meets  its  most  difficult  obstacle.  Volume 
production  itself  offers  no  difficulty,  but  so  far, 
the  products  that  can  be  made  from  the  bark 
are  either  not  required  in  large  volume  or  they 
must  compete  with  products  made  for  the 
same  purposes  from  even  cheaper  raw  mate¬ 
rials.  Shredded  redwood  bark  makes  an  excel¬ 
lent  thermal  insulating  material.  It  has  found 
wide  acceptance  in  the  low-temperature  insu¬ 
lating  market,  such  as  cold  storage  plants,  ice 
plants,  and  food  lockers.  These  are  markets. 


however,  that  are  served  by  cwnpeting  prod¬ 
ucts,  thus  restricting  the  volume  of  bark  fiber 
that  can  be  sold.  Dr.  Lewis  and  The  Pacific 
Lumber  Cjo.  deserve  great  credit  for  their  per¬ 
sistent  search  for  possible  outlets  for  redwood 
bark  products.  Dr.  Lewis,  and  the  company’s 
research  director  have  assiduously  gone  deeply 
into  the  secrets  of  the  anatomical,  physical,  and 
chemical  characteristics  of  redwood  bark.  Dr. 
Lewis  and  his  staff  have  enriched  the  litera¬ 
ture  with  the  results  of  their  scientific  investi¬ 
gations.  The  Company’s  research  department 
constantly  investigates  every  suggestion  or  idea 
directed  toward  diversified  and  broader  uses. 
Here  we  have  a  distinguished  example  of  co¬ 
ordinated  business  courage,  marketing  imagi¬ 
nation,  and  scientific  investigation  converging 
on  a  problem  of  converting  a  so-called  waste 
material  into  a  merchantable  useful  product. 
For  20  years  "P.  L.”  has  carried  on  research  in 
the  field  without  let-up.  It  must  be  remem¬ 
bered  that  the  nature  of  the  raw  material  cir¬ 
cumscribes  the  activities  of  the  producer  and 
the  scientist.  They  cannot  select  the  caw  mate¬ 
rial  for  the  manufacture  of  a .  product  they 
would  wish  to  make  but  must  find  a  salable 
product  to  make  from  the  raw  material  they 
have.  So  far,  insulation  provides  the  major 
market,  but  the  risk  of  losing  this  outlet  to 
another  new  and  cheaper  insulation  constantly 
faces  the  producer  as  it  does  in  many  other 
lines  of  business.  Yet,  the  studies  continue — 
for  better  insulation,  for  textile  uses,  chem¬ 
icals,  plastics,  hardboards,  and  a  long  list  of 
others. 

The  writer  of  these  comments  has  probably 
been  diverted  too  much  from  his  assignment  to 
discuss  Dr.  Lewis’  paper.  However,  this  exam¬ 
ple  of  a  search  for  a  way  of  putting  a  here¬ 
tofore  useless  ”  material  to  a  useful  purpose 
against  great  odds  is  so  noteworthy  as  to  war¬ 
rant  the  space  to  comment  upon  it. 

Dr.  Lewis’  paper  adequately  covers  the  phys¬ 
ical,  anatomical,  and  chemical  aspects  of  red¬ 
wood  baric.  'The  writer  can  make  only  one  ad¬ 
dition:  the  bark  powder  is  made  up  not  only 
of  broken  fibers,  parenchyma  cells  and  dry  ex¬ 
traneous  substances  but  also  of  the  powdery 
residue  left  by  a  type  of  powder  post  beetle 
that  infests  some  of  the  older  and  thicker  bark 
and  that  of  a  "dry  rot”  type  of  fungus.  Both 


186 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


are,  as  yet,  unclassified.  The  writer  has  found 
tiie  larva  of  the  insect  but  has  been  unable  to 
rear  an  adult  for  classification  purposes.  Ten¬ 
tatively  it  is  believed  to  be  a  member  of  the 
insect  family  Ptinidae'.  The  dry  rot  is  very 
likely  Porta  sequoiae,  the  same  fungus  which 


attacks  redwood  heartwood.  The  cubical  decay 
bodies  in  the  bark  are  independent  of  any 
connection  with  the  similar  bodies  in  the 
heartwood.  So  far,  no  fruiting  bodies  have 
been  found  on  the  infected  bark  and  definite 
classification  cannot  therefore  be  made. 
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Utilization  of  Waste  Sulphite  Liquor  in  Concrete 

E.  W.  Scripture,  Jr. 

Vice  President  in  Charge  of  Research,  The  Master  Builders  Company,  Cleveland,  Ohio 

Cslctum  lignofulphonate  derived  from  waste  sulphite  liqour  is  a  specific  dispersing  agent  for  cement. 
Studies  have  been  mane  of  various  physical-chemical  properties  of  this  compound  in  view  of  the  influences  these 
might  have  on  cement  dispersion.  Purity  is  of  importance  as  the  sugar  content  of  normal  liquor  adversely 
affects  cement  hydration.  An  almost  ideal  composition  is  secured  in  the  fermentation  process  for  the  production 
of  alcohol  from  wasre  stilphite  I'quor.  Data  are  presemed  to  show  the  improivements  in  such  concrete  properties 
as  woikability,  strength,  watertigntness,  and  durability  through  the  use  of  calcium  lignosulphonate. 


Introduction 

HERE  is  little  need  to  point  out  the  desir¬ 
ability  of  finding  means  for  utilizing 
waste  sulphite  liquor.  A  great  deal  of 
work  has  been  done  on  this  subject  and  many 
different  applications  of  the  solids  in  the 
liquor,  either  in  their  original  form  or  in  a 
modified  form,  have  been  developed.  These  in¬ 
clude  such  applications^  as  the  use  of  the 
solids  as  fuel,  use  in  plastics,  production  of 
vanillin,  for  core  binders  in  foundries,  in  tan¬ 
ning,  as  adhesives,  as  fertilizers,  and  for  road 
treatment.  While  many  of  these  applications 
have  been  more  or  less  successful,  they  have 
suffered  from  the  disadvantages  either  that  the 
processing  required  before  the  material  could 
be  utilized  was  as  costly  or  more  costly  than 
the  value  of  the  material,  in  many  cases,  or  that 
only  limited  quantities  of  waste  sulphite  liquor, 
compared  with  the  available  supply,  could  be 
used  in  any  of  these  applications,  or  in  fact  all 
of  them  together.  Utilization  of  waste  sulphite 
liquor  as  a  dispersing  agent  for  cement  in  port- 
land  cement  concrete  is  another  outlet  that  will 
consume  substantial  quantities  but  can  never  be 
expected  to  take  anything  like  the  total  output 
of  waste  sulphite  liquor. 

Dispersing  agents  have  long  been  known 
and  widely  utilized  in  a  variety  of  industries. 
Dispersing  agents  are  specific  in  their  action 
and  those  applicable  to  one  solid-liquid  system 
may  or  nuy  not  be  applicable  to  any  other.  As 
far  as  portland  cement  is  concerned  the  prob¬ 
lem  is  complicated  by  the  necessity  that  any 
dispersing  agent  to  be  used  with  it  must  not 
interfere  with  the  hydration  reactions  of  the 


*  Raff,  R.  A.  V.  Lignins — Their  Nature  and  Appli¬ 
cations.  Canadian  Chemistry  and  Process  Industries. 
(January  1949). 


cement.  Until  recent  years  no  dispersing  agents 
have  been  known  which  were  applicable  to  the 
deflocculation  of  cement  and,  in  fact,  the  bene¬ 
fits  to  be  derived  by  dispersing  the  cement  had 
not  been  recognized.  The  active  component  of 
waste  sulphite  liquor,  calcium  lignosulphonate, 
either  as  contained  in  the  unmodified  waste  sul¬ 
phite  liquor  or  more  or  less  purified  has  been 
employed  to  a  limited  extent  as  a  deflocculating 
or  dispersing  agent  for  clay  slips,  dyes,  and 
possibly  in  certain  other  applications.  It  was 
found  that  calcium  lignosulphonate  is  a  specific 
dispersing  agent  for  a  suspension  of  portland 
cement  in  water. 

Nature  of  Calcium  Lignosulphonate  From 
Waste  Sulphite  Liquor 

CXir  work  has  not  been  directed  primarily  at 
a  solution  of  the  problem  of  the  chemical  con¬ 
stitution  of  calcium  lignosulphonate,  which  has 
been  extensively  studied  by  others  and  still  re¬ 
mains  not  fully  understood.  It  has  rather  taken 
the  line  of  studying  the  physical-chemical  and 
colloidal  properties  of  this  compound  that 
might  be  expected  to  be  related  to  its  behavior 
as  a  dispersing  agent  for  cement. 

It  is  inherent  in  the  very  nature  of  the 
process  that  produces  waste  sulphite  liquor  that 
the  composition  of  the  calcium  lignosulphonate 
itself  varies  and  that  the  solids  in  the  liquor 
are  composed  not  only  of  calcium  lignosulpho¬ 
nate  but  also  of  various  impurities.  While  there 
is  a  general  similarity  in  the  pulping  processes 
that  produce  waste  sulphite  liquor,  there  are 
differences  in  the  conditions  of  cooking  and 
differences  in  the  original  woods  that  lead  to 
variations  in  the  final  product.  Added  to  this 
are  the  changes  in  the  waste  sulphite  liquor, 
which  may  be  effected  by  processes  through 
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which  it  goes  after  cocking,  for  one  purpose  or 
another.  There  are,  for  instance,  the  fermenta¬ 
tion  processes  used  to  produce  alcohol  or 
)  easts,  and  chemical  treatments  applied  deliber¬ 
ately  to  separate  out  the  lignosulphonate  com¬ 
pounds  in  purified  forms. 

It  would  be  expected  that  dispersion  would 
necessarily  be  linked  to  the  adsorption  of  the 
dispersing  agent  by  the  solid  particles  to  be 
dispersed  and  also  to  the  ionization  character¬ 
istics  of  the  adsorbed  compounds.  The  degree 
of  adsorption  would  in  turn  be  related  to  the 
molecular  weight  of  the  dispersing  agent,  as 
well  as  its  chemical  characteristics.  The  ioniza¬ 
tion  of  the  dispersing  agent  would  be  influ¬ 
enced  by  the  degree  of  sulphonation,  the  num¬ 
ber  of  other  ionizable  groups  in  the  molecule, 
and  the  dissociation  characteristics  of  the  ioniz¬ 
ing  groups. 

Gilcium  lignosulphonate  derived  from  waste 
sulphite  liquor  is  polydisperse  and  fractions 
wi^  average  molecular  weights  as  low  as  400 
and  as  high  as  18,000  have  been  separated. 
From  some  sources  it  is  much  less  polydisperse 
dian  from  others.  On  certain  liquors  an  aver¬ 
age  molecular  weight  of  about  6,000  has  been 
found,  but  it  by  no  means  follows  that  other 
liquors  would  have  the  same  molecular  weight. 
A  considerable  amount  of  work‘  has  been  done 
to  study  the  molecular  weight  of  calcium  lig¬ 
nosulphonate  and  it  has  been  found  possible, 
by  various  means,  to  produce  a  material  having 
almost  any  desired  average  molecular  weight 
over  a  considerable  range.  This  can  be  accom¬ 
plished  by  separating  different  molecular 
weight  fractions  of  the  starting  material,  for 
example,  by  di^ysis  or  by  various  processes  of 
polymerization  or  depolymerization.  It  would 
be  anticipated  that  the  molecular  weight  would 
affect  the  degree  of  adsorption,  and  determina¬ 
tions  of  adsorption  isotherms  of  different  mole¬ 
cular  weight  fractions  show  that  this  is  the  case. 
As  illustrated  in  Fig.  1,  the  degree  of  adsorp¬ 
tion  increases  markedly  with  increasing  mole¬ 
cular  weight. 

Samples  of  waste  sulphite  liquor  from  dif¬ 
ferent  sources  and  even  different  molecular 
weight  fractions  of  calcium  lignosulphonate 

*Emsberger  and  France.  Some  Physical  and  Chem¬ 
ical  Properties  of  Weight-Fractionated  Ugnosul- 
phonic  Acid,  Including  the  Dissociation  of  Lignosul- 
phonates.  Jour,  of  Phys.  and  Coll.  Chem.,  52:  1. 
(January  1948). 
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Concentration 

Fig.  1. — ^The  relationship  of  degree  of  adsorption 
and  molecular  weight  of  calcium  lignosulphonate 
fractions. 

from  the  same  source  show  differences  in  de¬ 
gree  of  sulphonation  and  also  in  the  hydrogen 
ion  to  sulphur  ratio.  It  appeared  theoretically 
that  the  degree  of  sulphonation,  assuming 
equal  adsorption,  should  determine  the  degree 
of  dispersion  of  the  cement.  This  did  not 
appear  to  be  the  case,  but  another  variable,  the 
hydrogen  ion-to-sulphur  ratio,  appeared  to  be 
of  greater  significance.  Owing  to  the  complex¬ 
ity  of  the  problem,  it  was  not  possible  to  deter¬ 
mine  just  what  this  relation  is,  althou^  one 
undoubtedly  exists. 

In  the  course  of  the  study  of  the  physical 
chemical  characteristics  of  calcium  lignosulpho¬ 
nate,  conductometric  titrations  were  used  in  an 
attempt  to  determine  the  degree  of  sulphona¬ 
tion  and  splitting  of  the  lignosulphonate  mole¬ 
cules.  This  method  of  titration  disclosed  three 
points  of  inflection  in  the  titration  curve  cor¬ 
responding  to  three  different  acid  groups.  One 
of  these  groups,  the  first,  is  obviously  the  sul- 
phonic  acid  group.  Another,  as  suggested  by  a 
number  of  investigators  in  this  field,  is  prob¬ 
ably  a  phenolic  group.®  The  third,  which  has 

*Peniston  and  McCarthy.  Liberation  of  Phenolic 
Hydroxyl  Grouts  by  the  Alkaline  Cleavage  of  Lignin 
Sulphonic  Adas.  Jour.  Amer.  Chem.  Soc.  70:  1329 
(1948). 
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been  largely  overlooked  by  previous  investi¬ 
gators,  may  be  a  carboxyl  group,  but  this  is  by 
no  means  certain.  Obviously,  the  ionization  of 
these  active  groups  will  affect  the  dispersing 
action  of  the  calcium  lignosulphonate. 

The  degree  of  dissociation  of  the  calcium 
lignosulphonate  should  affect  the  degree  of  dis¬ 
persion  for  a  given  quantity  of  dispersing  agent 
adsorbed.  Studies  of  the  dissociation^  of  vari¬ 
ous  salts  of  lignosulphonic  acid,  including  the 
calcium  salt,  showed  a  rather  peculiar  behavior, 
in  that  in  contrast  to  a  high  degree  of  dissocia¬ 
tion  for  the  acid,  the  calcium  salt  has  a  very 
iow  degree  of  dissociation.  This  explains  the 
positive  adsorption  of  the  lignosulphonate  ion 
by  Portland  cement  as  due  to  the  affinity  of 
lignosulphonate  ions  for  the  cations  on  the  sur¬ 
face  of  the  cement  particles.  This  is  confirmed 
by  the  almost  negligible  adsorption  of  ligno¬ 
sulphonate  ions  by  such  absorbents  as  silica; 
whereas  such  materiab  as  limestone  absorb 
them  in  a  manner  similar  to  cement. 

The  problem  is  further  complicated  by  the 
influence  of  the  impurities  associated  with  the 
calcium  lignosulphonate  in  waste  sulphite 
liquor.  Particularly  important  among  these  are 
the  sugars.  In  the  neutralization  of  the  sulphite 
liquor  with  lime,  calcium  salts  are  also  obvi¬ 
ously  produced.  In  the  studies  of  molecular 
weight,  dissociation  constants,  and  similar 
physical  chemical  properties,  these  impurities 
have  been  substantially  removed,  but  they  must 
be  taken  into  consideration  as  far  as  the  prac¬ 
tical  aspects  of  cement  dispersion  are  con¬ 
cerned.  It  appears  that  the  calcium  salts  in  the 
product  derived  from  unmodified  waste  sul¬ 
phite  liquor  are  not  especially  harmful,  but  the 
sugars  adversely  affect  the  cement  reactions. 
These  conclusions  are  reached  by  physical 
methods  of  test  rather  than  by  colloidal  inves¬ 
tigations.  On  the  basis  of  these  observations 
use  of  waste  sulphite  liquor  from  whidi  the 
fermentable  sugars  have  been  removed  in  the 
alcohol  process  has  been  adopted,  with  superior 
results,  to  replace  the  unpurified  liquor  for¬ 
merly  used. 

From  the  work  that  has  been  done  on  the 
colloidal  characteristic  of  calcium  lignosulpho¬ 
nate  some  knowledge  of  its  nature  has  been 
gained,  but  comparatively  little  of  value  in  re¬ 
lation  to  cement  dispersion  has  so  far  been 


derived.  It  has  certainly  been  proved  that  re¬ 
moval  of  the  carbohydrate  impurities,  particu¬ 
larly  the  sugars,  is  beneficial.  While  it  seems 
probable  that  increase  in  molecular  weight  will 
improve  the  surface  active  characteristics  of  the 
compound,  this  conclusion  is  complicated  by 
the  fact  that  in  these  investigations  the  carbo¬ 
hydrate  impurities  were  removed  simultane¬ 
ously  with  separation  of  higher  molecular 
weight  material  by  dialysis.  There  has  been 
some  indication  that  a  change  in  the  hydroge:. 
ion-to-sulphur  ratio  will  affect  the  cement  dis¬ 
persion,  but  this  has  been  by  no  means  defi¬ 
nitely  established.  While  the  work  done  up  to 
this  time  indicates  that  the  degree  of  sulphona- 
tion  of  the  lignin  molecule  plays  a  part,  it  has 
not  yet  been  possible  to  establish  what  this  is. 
The  most  practical  result  of  these  investigations 
has  been  the  adoption  of  a  purer  calcium  ligno 
sulphonate.  Even  if  it  could  be  shown  that 
changes  in  molecular  weight,  degree  of  sulpho- 
nation,  or  other  characteristics  of  the  lignosul¬ 
phonate  molecule  would  be  desirable,  there 
would  still  remain  the  problem  of. producing 
such  a  modified  material  economically. 

Cement  Dispersion 

The  action  of  a  cement  dispersing  agent  on 
Portland  cement  in  water  is  similar  in  its  effect 
to  the  action  of  any  dispersing  agent  in  a  solid- 
liquid  system.  The  dispersing  agent  is  adsorbed 
on  the  cement  particles,  which  thereby  acquire 
like  electrostatic  charges.*  The  cement  particles 
repel  each  other  and  are  therefore  dispersed 
instead  of  flocculated,  as  they  would  normally 
be.  The  adsorption  of  calcium  lignosulphonate 
by  Portland  cement  is  illustrated  in  Table  1. 
If  a  suspension  of  portland  cement  in  the  water 
is  subjected  to  a  surface  area  determination  in 
a  turbidimeter  the  increase  in  surface  area  so 
found  illustrates  the  degree  of  dispersion  of 
the  cement.  Some  data  of  this  nature  are  shown 
in  Table  2.  That  the  cement  particles  are  dis¬ 
persed  by  the  mutual  repulsion  of  electrical 
fields  around  the  particles  is  demonstrated  by 
observation  of  their  electrophoretic  migration.* 
Cement  particles  suspended  in  distilled  water 
show  no  tendency  to  migrate  toward  either 
electrode  but  agglomerate  and  settle  out  rap- 

*Emsbereer  and  France.  Portland  Cement  Disper¬ 
sion  by  Adsorption  of  Calcium  Lignosulphonate.  Inc 
and  Engrg.  Chem.,  Vol.  37.  (June  1945). 
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Table  1. — Portland  CEXENT-CALauM  Lignosulphonate  Adsorption  Data 


Calcium  Ligooaulphonate  Equilibrium  Soln. 


Conen. 

Lifno- 

1.5  percent  calcium 

Optical 

obtained 

Initial 

Bulphonate 

lignoaulphonate 

Density 

Conen. 

graphically 

concB. 

Adsorption 

Ml. 

Percent 

Percent 

Peremt 

G.AO  K.  Cement 

0 . 

0.000 

0.0000 

0.000 

0.000 

0.000 

1 . 

.008 

.0022 

.001 

.010 

.018 

2 . 

.012 

.0038 

.008 

.020 

.025 

S . 

.022 

.0061 

.007 

.030 

.085 

4 . . 

.046 

.0128 

.018 

.040 

.041 

6 . 

.088 

.0247 

.025 

.060 

.058 

8 . 

.188 

.0378 

.087 

.080 

.064 

10 . 

.178 

.0499 

.051 

.100 

.073 

12 . 

.287 

.0662 

.066 

.120 

.081 

14 . 

.292 

.0817 

.081 

.140 

.088 

Table  2. — SpsaFic  Surface  of  Portland  Cement  Suspended  in  Water,  With  and 
Without  CALauM  Lignosulphonate 


Calcium  Licno* 
aulpbonate 
Aoaorbed 


Av. 


Av.  Tranamittancy 

Av.  2  Conatant  Av.  Sp. 

Loflt*  (1 G.  Baaia)  Surface 


Apparent  Inereaae 
in  Surface 
Diaperaed  over 
Undiaperaed 


O./lOO  g.  cement>  Micro-amp. 


Sq.cm./G* 


Percent 


Type  I  Cement:  90  percent  Pasaing  825-Meah  Sieve;  Sp.  Surface  in  Keroaene,  1680  Sq.cm./g. 


None 

26.8 

0.572 

603 

1150 

0.2 

24.5 

.611 

740 

(1505) 

81 

.8 

.  28.2 

.685 

748 

1570 

87 

.4 

21.8 

.672 

751 

(1685) 

47 

.5 

20.7 

.684 

748 

1705 

48 

Type  III  Cement:  ICO  percent  Paaiing  S25-Meah  Sieve;  Sp.  Surface  in  Keroaene,  2590  Sq.cm./g. 


Nona 

12.5 

.903 

605 

1820 

.2 

11.0 

.959 

720 

(2800) 

\, 

26 

.8 

10.1 

.996 

723 

2400 

82 

.4 

8.6 

1.065 

728 

2575 

41 

.5 

8.2 

1.086 

727 

2630 

44 

lApproximate  values  obtained  from  adsorption  equilibrium  data  by  calculating  the  total  amount  of  calcium  lignosulphonate 
neede^  for  the  lyatem  usad,  to  satisfy  the  amount  alaorbed  per  103  mnu  of  cement  plua  the  amount  required  for  equilibrium. 

^Calculated  lrj.n  individual  tranamittancy  constant;  each  value  is  the  average  of  two  or  more  determinations,  except  thoae 
in  parenthesis  which  are  single  tests. 


idly.  On  the  other  hand,  when  suspended  in  a 
calcium  lignosulphonate  solution  migration  to¬ 
ward  the  anode  is  readily  observable. 

Gilcium  lignosulphonate  is  not  the  only 
surface-active  material  that  will  disperse  port- 
land  cement.  One  reason  for  using  calcium  lig¬ 
nosulphonate  derived  from  waste  sulphite 
liquor  for  this  purpose  is,  of  course,  low  cost. 
Another,  and  perhaps  more  important  reason, 
is  that  the  mere  dispersion  of  the  cement  is  not 
enough.  The  dispersing  agent  must  not  inter¬ 
fere  with  the  hydration  reactions  of  the  cement, 
which  are  both  complex  and  very  sensitive.  A 
study  by  means  of  photomicrographs  of  the 
hydration  reactions  of  portland  cement  and  the 
pure  Portland  cement  compounds  in  distilled 
water  and  in  water  containing  dissolved  cal¬ 
cium  lignosulphonate  shows  that  there  are  dif¬ 
ferences  in  the  rate  of  reaction  and  in  some 
cases  in  the  nature  of  the  hydration  reactions. 
At  low  concentrations,  however,  calcium  ligno¬ 
sulphonate  does  not  adversely  affect  the  hydra¬ 
tion  reactions  but  might  be  expected  to  have  a 


beneficial  effect  due  to  the  higher  degree  of  dis¬ 
persion  and  therefore  greater  surface  area  in 
contact  with  the  water.  In  higher  concentrations 
the  calcium  lignosulphonate  evidently  acts  as  a 
protective  colloid,  which  retards  hydration. 
The  behavior  of  the  calcium  lignosulphonate 
with  cement  is  further  complicated  if  impur¬ 
ities  are  present.  Almost  any  soluble  compound 
will  either  accelerate  or  retard  the  hydration  of 
cement.  Sugar  is  well  known  as  having  a  par¬ 
ticularly  marked  retarding  effect,  and  any  sugar 
present  as  an  impurity  in  the  calcium  lignosul¬ 
phonate  will  have  a  retarding  effect.  It  is  there¬ 
fore  necessary  to  use  a  reasonably  pure  calcium 
lignosulphonate  and  to  use  it  in  such  propor¬ 
tions  that  maximum  dispersion  is  secured  with¬ 
out  introducing  the  retarding  effect  of  a  pro¬ 
tective  colloid.  Investigation  has  shown  that 
proportions  between  about  0.15  and  0.30  per¬ 
cent  of  the  weight  of  the  cement  accomplish 
this  objective.  The  figures  are  given  as  percent¬ 
ages  of  the  weight  of  the  cement,  as  this  is  cus¬ 
tomary  practice  in  the  concrete  field,  but  actu- 
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ally  the  important  factor  is  not  the  relation  be¬ 
tween  the  quantities  of  cement  and  lignosul- 
phonate  but  the  concentration  of  the  solution 
of  lignosulphonate  used  in  making  a  workable 
concrete  mix. 

Action  of  Cement  Dispersion  in  Concrete 

The  action  of  the  cement  dispersing  agent  in 
Portland  cement  concrete  is  to  deflocculate  or 
disperse  the  cement  particles,  or  at  least  to  re¬ 
duce  the  inter-particle  attraction.  This  has  a 
number  of  important  effects.  The  reactions  of 
Portland  cement  are  surface  reactions  between 
the  particles  of  cement  and  the  water,  which 
therefore  are  functions  of  the  surface  area  of 
the  cement.  For  this  reason  cement  manufac¬ 
turers  in  recent  years  have  consistently  in¬ 
creased  the  fineness  of  grinding  of  cement 
clinker.  Unfortunately,  the  full  surface  area 
produced  by  finer  grinding  is  not  effective  due 
to  the  flocculated  condition  of  the  cement  in  its 
normal  state  in  the  mix.  Actually,  this  tendency 
toward  agglomeration  increases  with  increasing 
fineness  so  that  the  beneficial  effects  of  fine 
grinding  are  in  some  measure  offset  by  this 
flocculation.  By  dispersing  the  cement  particles 
the  effective  surface  area  of  the  cement  in  the 
mix  is  increased. 

Another  effect  of  dispersing  the  cement  par¬ 
ticles  is  that  water  trapped  within  the  particle 
clumps  in  the  flocculated  condition  is  released 
to  become  part  of  the  liquid  phase  of  the  con¬ 
crete.  This  combined  with  the  more  ready 
movement  of  the  smaller  particles,  contrasted 
with  clumps  of  particles,  past  each  other  in¬ 
creases  the  fluidity  of  the  mix  with  a  given 
water  content.  What  is  important  is  the  con¬ 
verse  of  this,  that  by  dispersion  of  the  cement 
the  water  required  for  a  concrete  of  a  given 
consistency  is  decreased. 

A  third  fundamental  effect  of  dispersion  of 
the  cement  with  calcium  lignosulphonate  is  that 
a  small  amount  of  air,  in  the  form  of  micro¬ 
scopic  bubbles,  is  entrapped  in  the  concrete. 
While  there  are  other  means  of  accomplishing 
this  purpose,  the  entrainment  of  air,  as  this 
phenomenon  is  known  in  concrete  technology, 
is  most  advantageously  accomplished  by  dis¬ 
persion.  The  beneficial  effects  of  air  entrain¬ 
ment  will  be  briefly  pointed  out  later. 


Effects  on  Concrete  Properties 

Since  the  properties  of  concrete  for  given 
aggregates  are  primarily  dependent  on  the 
amount  and  quality  of  the  cement  paste,  any 
influence  which  alters  the  nature  of  this  paste 
will  inevitably  influence  the  properties  of  the 
mix.  Two  phases  in  concrete  making  should  be 
differentiated.  These  are  the  first  phase,  when 
the  concrete  is  plastic  and  ability  to  place  the 
concrete  is  of  primary  importance,  and  the 
second  phase,  after  the  concrete  has  hardened 
and  cured  when  certain  other  properties  are  of 
most  significance. 

Unless  concrete  is  workable  during  thc 
plastic  stage  it  is  impossible  to  produce  a  sound 
structure,  regardless  of  any  other  properties  of 
the  mix.  This  property  of  workability  may  bt 
considered  as  made  up  of  two  components- 
mobility  or  ease  of  flow,  and  cohesiveness, 
which  includes  resistance  to  segregation. 

Dispersion  of  the  cement  particles  increases 
mobility  in  the  manner  previously  described 
(Table  3). 

Table  3. — Increase  in  Mobility 

Mix  Water-Cement  Ratio  Slump 

Gal.  per  sack  In. 

Untreated _  1 

Dispersed  cement _  6^  6 

Dispersion  also  increases  the  cohesiveness  of 
the  mix,  partly  due  to  the  increased  surface 
area  of  the  cement  and  partly  due  to  the  en¬ 
trainment  of  a  small  amount  of  air.  The  mix, 
while  still  flowing  readily,  becomes  more 
"fatty”  or  "buttery”.  As  a  consequence,  with  a 
mix  that  can  be  as  easily  or  more  easily  placed 
in  the  forms,  the  tendency  of  the  components 
of  the  concrete  toward  segregation  is  reduced. 
Gross  defects  in  the  concrete,  such  as  honey¬ 
combing  and  sand  streaking,  are  thereby  more 
or  less  prevented. 

A  particular  aspect  of  the  increased  cohesive¬ 
ness  of  the  mix  secured  by  dispersion  is  the 
reduced  tendency  toward  bleeding  (Table  4) . 

Table  4. — ^Reduction  in  Bleeding 
(Concrete  mix  =  6.0  sacks  per  cu.  yd.) 

Bleedinc 

Addition  Cement  I  Cement  II 

Percent  Percent 

None _  100  .  100 

Diapereinc  Afent _ _ 26  20 
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Bleeding  is  essentially  segregation  of  the  water 
111  the  mix  in  an  upward  direction.  This  phe¬ 
nomenon  is  also  commonly  called  water  gain. 
Bleeding  is  an  highly  undesirable  phenomenon, 
for  two  reasons.  In  its  upward  movement 
through  the  mix  the  water  tends  to  collect 
under  the  larger  pieces  of  aggregate,  forming 
|:odcets  on  the  under  side,  so  that  the  aggregate 
is  not  well  bonded  to  the  cement  paste.  These 
pockets  constitute  points  of  weakness  and  of 
attack  by  destructive  agencies  and  also  diminish 
the  strength  of  the  concrete.  The  second  effect 
of  bleeding  is  to  bring  a  layer  of  fine  material 
to  the  top  surface  of  the  concrete  with  a  very 
high  water  content,  commonly  known  as  lait- 
ance.  Due  to  the  high  water  content  this  layer 
shrinks  excessively  and  has  very  low  strength. 

In  the  hardened  state  the  properties  of  con¬ 
crete  that'  are  significantly  affected  by  the  dis¬ 
persion  of  tfie  cement  are  strength,  volume 
change,  permeability,  and  durability.  The 
strength,  as  shown  by  Duff  Abrams,®  is  directly 
related  to  the  ratio  between  the  water  and  the 
cement  in  the  mix.  Reduction  of  the  water  for 
a  mix  of  given  workability  through  dispersion 

•Abrams,  D.  A.  Design  of  Concrete  Mixtures — 
Structural  Materials  Research  Laboratory.  Lewis  Inst. 
Bulletin  No.  1.  (1918). 


Table  5. — Compressive  Strength 

CompreMive  Strength  28  Day* 


Cement  Content 
Lb.  per  Cu.  Yd. 


No  Addition 
Lb.  per  Sq.  In. 


Diapereing  Agent 
Lb.  per  Sq.  In. 


300  -  _  -  _ 

376 . 

.  1, 500 

460 . 

.  2, 160 

526 . 

.  3,660 

600 . 

.  4, 850 

1,840 

2,675 

3,800 

4,600 


therefore  increases  strength  (Table  5).  Volume 
change,  particularly  shrinkage,  is  governed  by 
the  volume  of  the  cement  paste,  that  is  the 
volume  of  the  cement  plus  the  volume  of  the 
water  in  the  mix,  and  for  a  given  mix  is  re¬ 
duced  by  dispersion,  again  through  the  reduced 
water  requirement  for  a  given  consistency.®  A 
further  aspect  of  this  property  is  that  for  a 
given  strength  the  cement  content  of  the  mix 
can  also  be  reduced,  further  decreasing  volume 
change.  Permeability  is  directly  related  to  the 
total  water  content  f>er  unit  volume  of  the  con¬ 
crete  mix,  because  p>enetration  of  liquids 
through  the  concrete  is  dependent  on  formation 
of  an  interconnecting  system  of  capillaries  by 
the  water  that  does  not  combine  with  the 
cement  as  it  evaporates  from  the  concrete  after 
it  has  hardened.  Again,  the  reduction  in  water 
for  a  given  consistency  by  dispersion  of  the 
cement  reduces  permeability  (Fig.  2.). 

•Inge  Lyse.  ASTM  Proc.  25:398  (l935). 


Fig.  2. — G>ncrete  permeability  with  and  without  cement  dispersion. 
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Finally,  durability  may  be  considered.  In  re¬ 
lation  to  concrete  this  is  usually  taken  to  mean 
the  resistance  of  the  concrete  to  weathering. 
The  disintegrating  influences  of  weathering  are 
primarily  two:  freezing  and  thawing,  and 
attack  by  corrosive  solutions.  Resistance  of  con¬ 
crete  to  freezing  and  thawing  is  greatly  en¬ 
hanced  by  die  entrainment  of  a  suitable  amount 
of  air,  which  can  be  accomplished  through  dis¬ 
persion  of  the  cement  with  calcium  lignosul- 
phonate  (Fig.  3).  Improved  resistance  to  cor¬ 
rosive  solutions  is  secured  through  reduction 
in  permeability  of  the  concrete  which,  as  has 
been  noted  above,  is  secured  by  cement  dis¬ 
persion  (Fig.  4), 


'One  particular  problem  arises  in  coimection 
with  construction  of  large  concrete  masses  and, 
in  fact,  plays  some  part  even  in  relatively 
thinner  members.  This  is  the  effect  of  the  heat 
of  hydration  of  cement  on  volume  change. 
Where  large  masses  of  concrete  are  placed  the 
exothermic  hydration  reaction  of  the  cement 
will  raise  the  temperature  of  the  mass  consid¬ 
erably  above  that  of  the  surrounding  atmc 
sphere,  especially  as  the  concrete  is  a  fairlv’ 
good  insulator.  This  rise  in  temperature  obvi¬ 
ously  causes  expansion.  Subsequently,  the  ma^^s 
will  gradually  cool  to  the  temperature  of  ti  e 
surrounding  atmosphere  and  in  so  doing  will 
contract.  The  volume  change  involved  is  vei7 


(b) 

Fig.  3. — Effect  of  dispersion  of  cement  upon  resistance  of  concrete  to  freezing  and  thawing,  (a)  L'  <- 
treated  concrete — 150  cycles  of  fieezing  and  thawing.  Loss  in  weight — 73%.  (b)  Dispersed  cement,  san  e 
design  and  consistency — 150  cycles  of  freezing  and  ffiawing.  Loss  in  weight— 10%. 

194 


\ 


concrete — 2  years  in  8%  magnesium  sulphate,  (b)  Dispersed  cement — same  design  and  consistency — 2  years 
in  8%  magnesium  sulphate. 


apt  to  cause  cracking  of  the  mass.  It  has  been 
shown  .that  calcium  lignosulphonate  in  the  con¬ 
crete  does  not  aflFect  the  amount  of  heat  evolved 
or,  to  any  material  extent,  the  rate  of  heat  evo¬ 
lution.^  If  advantage  is  taken,  however,  of  the 
increased  strength  secured  by  dispersion  of  the 
cement,  the  amount  of  cement  in  the  concrete 
can  be  reduced,  which  in  turn  reduces  heat  evo¬ 
lution  and  reduces  the  danger  of  cracking 
through  excessive  temperature  rise.* 


’  Forbrich,  L.  R.  TAe  Effect  of  Various  Reagents 
on  the  Heat  Liberation  Characteristics  of  Portland 
Cement.  Jour.  Amer.  Cone.  Inst  12.  (Nov.  1940). 

'Forbrich,  L.  R.  Temperature  Effects  Near  Con¬ 
crete  Surfaces  as  Affected  by  Heat  liberation  of 
Cement.  Jour.  Amer.  Cone.  Inst  13:1.  (Sep.  1941). 


Another  aspect  of  the  use  of  calcium  ligno¬ 
sulphonate  in  concrete  is  that  of  its  employ¬ 
ment  as  a  grinding  aid  in  the  manufacture  of 
cement.  In  the  manufacture  of  cement  the 
burned  clinker  is  ground  to  a  certain  degree  of 
fineness  in  a  ball  mill  or  similar  equipment. 
Addition  of  a  very  small  percentage  of  purified 
calcium  lignosulphonate,  usually  combined 
with  certain  other  reagents,  will  increase  the 
efficiency  of  grinding  of  the  clinker,  that  is, 
will  grind  to  a  given  surface  area  with  a  re¬ 
duced  power  imput  or,  what  is  the  same  thing, 
give  a  higher  output  from  a  given  mill.  The 
incorporation  of  the  calcium  lignosulphonate 
in  the  cement  in  this  manner  also,  in  some 
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measure,  produces  the  beneficial  effects  of  dis¬ 
persion,  but  only  in  a  small  measure,  since  the 
quantities  required  to  give  highest  grinding 
efficiency  are  very  much  smaller  than  those  re¬ 
quired  to  secure  the  full  effects  of  cement  dis¬ 
persion.  Considerable  quantities  of  calcium  lig- 
nosulphonate  derived  from  waste  sulphite 
liquor  have  been  used  in  this  manner. 

Conclusion 

The  application  of  calcium  lignosulphonate 
from  waste  sulphite  liquor  to  the  dispersion  of 
Portland  cement  in  concrete  mixes  constitutes 
an  advance  in  concrete  technology.  It  produces 
beneficial  effects  on  the  concrete  mix,  both  in 
its  plastic  state  and  after  hardening.  Further¬ 
more,  it  makes  most  economical  use  of  the 
cement.  While  the  general  mechanism  of 
cement  dispersion  with  calcium  lignosulphonate 
has  been  investigated  and  is  understood,  there 
remain  many  obscure  points  with  relation  to 
the  constitution  and  characteristics  of  the  ligno¬ 
sulphonate  as  they  affect  its  performance  with 
cement.  The  improved  grinding  of  cement 
clinker  effected  by  the  addition  of  small  pro¬ 
portions  of  calcium  lignosulphonate  to  the  mill 
makes  possible  in  some  cases  production  of 
cement  of  a  fineness  that  could  not  otherwise 
be  produced  with  the  usual  equipment,  and 
also  contributes  to  the  economy  of  cement 
manufacture. 

Substantial  quantities  of  waste  sulphite 
liquor  have  been  utilized  to  produce  calcium 
lignosulphonate  for  use  with  portland  cement 
either  as  a  grinding  aid  or  as  additions  to  the 
concrete  mix  to  secure  the  benefits  of  cement 
dispersion.  The  quantity  of  waste  liquor  so 
utilized,  however,  represents  only  a  small  frac¬ 
tion  of  that  produced.  Only  a  small  proportion 
of  the  cement  produced  has  been  treated  in  one 
way  or  another  with  calcium  lignosulphonate, 
but  it  may  be  of  some  interest  to  consider  the 
potentialities.  If  the  annual  production  of  port- 
land  cement  in  the  United  States  is  taken  as 
200,000,000  barrels  it  may  be  seen  that  to 
grind  all  of  this  cement,  using  calcium  ligno¬ 
sulphonate  as  a  grinding  aid  at  the  rate  of  0.03 
percent  of  the  weight  of  the  cement,  would 
consume  considerable  amounts.  If  calcium  lig¬ 


nosulphonate  were  added  to  all  concrete  made 
with  200,000,000  barrels  of  cement  annually, 
at  the  rate  of  0.2  percent  of  the  weight  of  the 
cement  to  secure  cement  dispersion,  the  con¬ 
sumption  would  be  six  to  seven  times  as  large. 

Discussion 

Harry  F.  Lewis  (Institute  of  Paper  Chem¬ 
istry)  :  I  would  like  to  support  what  Mr.  Bene¬ 
dict  said.  But  let  us  call  it  "spent  liquor”  in¬ 
stead  of  the  commonly  used  term  "waste 
liquor”.  In  this  industrial  material,  there  are 
1,500,000  tons  annually  of  calcium  ligno-sul- 
fonate  represented  or  about  4  percent  of  the 
spent  liquor.  The  sugars  in  the  liquor  could, 
for  instance,  be  used  to  grow  yeast.  We  should 
remember  that  the  lignin  in  the  liquor  repre¬ 
sents  no  less  than  one-quarter  of  the  weight  ot 
original  wood,  and  we  should  really  not  charge 
it  to  the  cost  of  cellulose.  Spent  liquor  can’t 
be  given  away;  it  must  be  sold,  and  so  entered 
in  the  accounts. 

Dr.  Scripture:  Naturally,  I  am  in  accord 
with  what  Dr.  Lewis  has  said.  'The  only  com¬ 
ment  which  I  might  offer  is  that  although  1 
agree  that  the  term  "spent  liquor”  is  prefer¬ 
able  to  the  term  "waste  liquor”,  common  prac¬ 
tice  dictates  the  use  of  the  latter  as  this  term 
has  been  in  use  in  the  industry  for  a  very  long 
time  and  is  still  current.  For  example.  Outlines 
of  Industrial  Chemistry  by  Thorp  (1919)  uses 
the  term  "waste  sulphite  liquor”  and  such  re¬ 
cent  publications  as  Ugnin-Chemistry  and 
Utilization,  Conference  Report  (1947)  also 
uses  the  term  "sulphite  waste  liquors”. 

Frederick  H.  Vogel  (Alabama  Polytechnic 
Institute) :  I  agree  with  you  that  it  is  common 
practice  to  use  the  term  "waste  liquor”  just  as 
it  is  the  practice  to  refer  to  edgings,  trimmings, 
slabs  and  sawdust  as  "sawmill  waste”.  Even¬ 
tually,  as  full  utilization  of  the  spent  liquor 
becomes  a  reality,  the  old  term  will  fall  away 
without  fanfare.  Except  in  our  own  small 
group,  we  encounter  difficulty  in  transferring 
ideas  unless  we  use  the  common,  accepted  ter¬ 
minology,  and  I  doubt  that  full  utilization  will 
be  hastened  by  merely  changing  a  name  from 
"waste  liquor”  to  "spent  liquor”,  however  log¬ 
ical  the  latter  may  be. 
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Semichemical  Pulping 

G.  H.  Chidester 

Chief,  Division  of  Pulp  and  Paper,  Potest  Products  Laboratory,^  Forest  Service, 

U.  S.  Department  of  Agriculture 

A  mild  chemical  treatment  of  wood  chips  followed  by  mechanical  refining  to  complete  the  fiber  separation 
produces  semicbemical  puln  Ugh  in  yield  and  strength.  The  procedure  is  adaptable  to  a  wide  variety  of  wood 
species  and  wood  wastes,  ^e  pulp  strengths  obtainra  are  particularly  Uch  for  hardwoods. 

The  influence  of  the  chemical  treatment  with  acid,  neutral,  and  alkaline  liquors  and  bleaching  on  the 
yield  and  properties  of  semicbemical  pulp  are  d's  ussed. 

The  well-esublished  use  of  semichemical  pulp  in  the  manufacture  of  corrugating  board  and  other  products 
and  the  indication  in  experimental  trials  of  the  suitability  of  semichemical  pulps  for  many  other  kinds  of  paper 
are  described. 

The  high  yield  of  pulp  obtained  by  the  semicbemical  processes  and  their  adaptability  to  manjr  wood  species 
not  now  usM  extensively  should  serve  as  incentives  for  even  more  extensive  commercial  applications. 


ABOUT  90  percent  of  the  fibrous  raw  mate- 
rial  currently  used  in  the  United  States 
for  making  paper  comes  from  wood.  The 
availability  and  low  cost  of  wood  fiber  have 
made  possible  a  very  great  expansion  in  the 
production  and  consumption  of  paper  since  the 
early  days,  when  the  industry  depended  upon 
other  sources  of  fiber.  Yet  even  today  the  efii- 
dency  of  the  recovery  of  fiber  from  wood  can¬ 
not  be  considered  to  be  high,  since  about  half 
of  the  wood  is  lost  in  the  manufacture  of 
chemical  pulp. 

It  is  true,  of  course,  that  the  mechanical 
prcKess  used  in  groundwood  pulping  gives  a 
high  pulp  recovery  from  the  wood  used.  Wood 
pulp  was  first  made  by  this  process,  and 
groundwcxid  pulp  is  still  used  in  large  quan¬ 
tities.  The  uses  that  can  be  made  of  ground- 
wood  pulp,  however,  are  limited  by  its  low 
strength  and  low  brightness.  It  was  not  possible 
to  make  the  wide  variety  of  strong  and  white 
papers  from  wood  pulp  until  the  chemical 
pulping  prcxresses,  soda,  sulfite,  and  sulfate, 
were  developed. 

It  was  not  until  the  later  development  of 
semichemical  pulping  at  the  Forest  Prcxlucts 
Laboratory,*  however,  that  any  important  com¬ 
promise  was  feasible  between  groundw(x>d 
pulps  on  the  one  hand  and  the  low-yield  chem¬ 
ical  pulps  essentially  free  of  lignin  on  the 
other.  TTie  properties  attainable  in  semichem¬ 
ical  pulp  have  shown  that  it  is  not  always 

^  Maintained  at  Madison,  Wis.,  in  ccraperation 
with  the  University  of  Wisconsin. 

*  Rue,  J.  D.,  Wells,  S.  D.,  Rawlinit,  F.  G.,  Staidl, 
J.  A.  Paper  Trade  Jour.,  Sept.  23,  1926. 


necessary  to  destroy  so  much  w(x>d  as  previ¬ 
ously  in  the  manufacture  of  pulps  having  the 
physical  properties  necessary  for  strong  papers. 
Pulps  with  g(x>d  felting  properties  and  capable 
of  producing  other  sheet  properties  necessary 
for  many  uses  can  be  obtained  without  com¬ 
plete  delignification. 

Semichemical  pulping  consists  of  a  mild 
chemical  treatment  to  remove  a  part  of  the  lig- 
nocellulose  fiber-bonding  material,  followed  by 
mechanical  refining  to  complete  the  fiber  sepa¬ 
ration.  Such  a  procedure  can  produce  pulps 
varying  in  yield  from  a  figure  above  90  percent 
for  groundwood  to  the  50  percent  or  less  ob¬ 
tained  in  chemical  pulping.  The  yield  obtained 
depends  upon  the  severity  of  the  chemical  treat¬ 
ment.  Generally,  the  pulp  strength  increases 
quite  rapidly  as  the  yield  is  lowered.  Pulps  pro¬ 
duced  from  some  woods  under  suitable  condi¬ 
tions  in  yields  between  70  and  80  percent  have 
strengths  approaching  those  developed  in  some 
fully  cooked  chemical  pulps.  In  the  yield  range 
of  about  70  percent  to  perhaps  85  percent,  is 
found  the  desirable  combinations  of  a  high 
yield,  together  with  comparatively  high 
strength.  Rue  and  his  associates  used  a  neutral 
sodium  sulfite  liquor  to  obtain  a  high  pulp 
strength  and  a  light  color  in  this  relatively 
high-yield  range. 

Neutral  sulfite  semidiemical  pulp  is  prepared 
by  heating  wood  chips  in  the  sodium  sulfite 
liquor  at  temperatures  up  to  170®  C.  for  1  to  3 
hours.  The  cooking  liquor  contains  the  amount 
of  sodium  sulfite  necessary  to  remove  the  de¬ 
sired  amount  of  wood  substance.  About  one 
part  of  sodium  carbonate  to  four  parts  of 
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ALPHA  CELLULOSE 


EXTRACTIVES' 
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3.  SODIUM  SULFITE  PROCESS 

CROSS-HATCHED  PORTIONS  REPRESENT  MATERIAL  REMOVED  IN  PULPING 
Fig.  1. — Removal  of  hardwood  constituents  in  chemical  pulping. 


■ALPHA  CELLULOSE 


EXTRACTIVES- 
■H  EMI  CELLULOSES  Ar - LIGNIN - 


NEUTRAL  SULFITE  SEMICHEMICAL  PROCESS 


SULFATE  SEMI  CHEMICAL  PROCESS 


SODA  SEMICHEMICAL  PROCESS 


ACID  SULFITE  SEMICHEMICAL  PROCESS 


CROSS-HATCHED  PORTIONS  REPRESENT  MATERIAL  REMOVED  IN  PULPING 
Fig.  2. — Removal  of  hardwood  constituents  in  semichemical  pulping. 
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odium  sulfite  is  usually  added  to  maintain  a 
neutral  enough  to  prevent  excessive  corro¬ 
sion  and  possible  pulp  degradation,,  This  treat- 
nent  removes,  principally,  up  to  about  half  the 
lignin  in  the  wood  and  some  of  the  hemicellu- 
iose  material.  The  chips  are  softened  so  that 
ihe  fibers  can  be  separated  very  readily  in  the 
lechanical  refining. 

Somewhat  similar  results,  except  for  a  darker 
color,  can  be  obtained  with  conventional  sulfate 
looking  liquor  adjusted  to  the  proper  concen¬ 
tration  of  sodium  hydroxide  and  sodium  sul¬ 
fide.  One  of  the  advantages  of  this  procedure 
is  that  the  chemicals  in  the  spent  liquor  are 
recoverable  by  conventional  methods.  Ordinary 
acid  sulfite  liquor  can  likewise  be  used.  The 
pulps  obtained  with  this  liquor,  as  with  sodium 


sulfite,  are  light-colored,  but  their  strength  is 
lower. 

Wood  Constituents  Removed  During 
Pulping 

The  principal  constituents  dissolved  from  the 
wood  during  chemical  and  semichemical  pulp¬ 
ing  of  hardwoods  are  shown  in  Figs.  1  and  2. 
The  values  represented  may  be  considered  as 
fairly  typical,  but  are  not  constant  quantities 
obtained  in  all  instances,  since  they  vary  with 
the  cooking  conditions  and  the  wood  species, 
llie  chemical  pulps,  add  sulfite,  sulfate,  and 
sodium  sulfite,  indicated  in  Fig.  1,  were  all 
produced  in  yields  slightly  below  50  percent. 
Except  for  small  residual  amounts  of  lignin  re¬ 
maining  in  these  pulps,  which  were  slightly 


higher  for  the  sulfate  pulp,  all  the  lignin  in  liquor  also  removed  a  little  more  of  the  lignin 
the  wood  was  removed.  Considerable  quantities  than  did  the  alkaline  liquors.  The  soda  liquor, 
of  the  hemicellulose  constituents  were  also  dis-  on  the  other  hand,  is  shown  to  have  removed 
solved,  and  an  appreciable  quantity  of  the  less  lignin  and  more  cellulose  than  the  others, 
alpha  cellulose  was  destroyed.  The  acid  sulfite  .  . 

process  removes  more  of  the  hemicelluloses  and  Fiber  Characteristics 

destroys  a  little  less  of  the  alpha  cellulose  than  In  the  preparation  of  pulp  for  high>qualih 
the  alkaline  process.  papers  a  complete  separation  of  the  filers  is 

The  wood  constituents  removed  in  semi-  essential.  Also,  the  filers  should  be  capable  o‘ 

chemical  pulping  for  each  of  the  conventional-  developing  a  satisfactory  fiber-to-fiber  bono 

type  liquors  are  shown  in  Fig.  2.  The  values  in  when  the  sheet  is  formed  and  dried.  An  ind» 

all  instances  correspond  to  a  pulp  yield  of  75  cation  of  the  degree  to  which  these  require 

percent.  At  this  yield  the  acid  sulfite  liquor  is  ments  are  met  in  semichemical  pulp  compare^’ 

shown  to  have  removed  more  of  the  lignin  and,  with  groundwood  and  sulfite  pulps,  is  illus 
in  contrast  to  the  fully  delignified  pulps,  less  of  trated  in  Figs.  3,  4,  and  5. 
the  hemicelluloses  than  the  alkaline  or  neutral  Fig.  3  is  a  photomicrograph  of  groundwooo. 
liquors.  Also,  slightly  less  of  the  alpha  cellu-  pulp  showing  a  fiber  bundle  and  parts  or 
lose  was  removed.  The  neutral  sodium  sulfite  broken  or  disintegrated  fibers.  The  average 


«  tnw> 


Fig.  4. — Spruce  sulfite  pulp  highly  magnified. 
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iber  length  is  considerably  less  than  that  of  the 
-nbrdcen  wood  fibers.  The  sheet  strength  is 
'.ow  because  of  the  short  fiber  length  and  the 
i.igh  lignin  content. 

Fig.  4  shows  well-separated  sulfite-pulp 
ubers,  which  upon  beating  are  capable  of  de- 
\  eloping  fibrillation  and  good  surface  bond 
strength  in  the  delignified  cellulose  fibers. 

Fig.  5  shows  the  semichemical  pulp  fibers 
also  to  be  well  separated  without  excessive  dis¬ 
integration.  As  a  result  of  the  mechanical  refin¬ 
ing,  some  fibrillation  indicative  of  the  capabil¬ 
ity  of  producing  good  bond  strength  is  evident. 
Presumably,  enough  of  the  lignin  encrustant 
has  been  removed  to  allow  cellulose  bonds  be¬ 
tween  fibers  to  become  effective. 


Physical  Properties  of  Semichemical  Pulps 

Strength  values  of  neutral  sulfite  semichem¬ 
ical  pulps  corresponding  to  yields  between  70 
and  81  percent  are  given  for  29  hardwoods 
and  10  softwoods  in  Tidjle  1.  Of  the  hard¬ 
woods,  birch,  aspen,  cottonwood,  and  sugar- 
berry  developed  bursting  strengths  between 
0.80  and  more  than  0.90  point  per  pound  per 
ream.  In  the  lowest  bursting-stren^h  range, 
from  0.20  to  0.40  point  per  pound  per  ream, 
are  the  oaks,  bitter  pecan,  and  white  ash.  The 
pulps  in  the  highest  bursting-strength  range  are 
about  75  to  80  percent  of  the  corresponding 
values  for  spruce  sulfite.  The  tearing  strengths, 
however,  are  lowei:.  The  strengths  of  the  hard¬ 
wood  semichemical  pulps  are  appreciably 


Fig.  5. — Neutral  sulfite  semichemical  pulp  highly  magnified — 50  percent 
jack  pine  and  50  percent  aspen. 
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Table  1. — Strength  Properties  of  Neutral  Sulfite  Semichemical  Pulps 


Speeias 


HARDWOODS: 

Paper  birch _ 

y«low  birch _ 

Quaking  aapen _ 

Black  tupelo _ 

Sweetgum _ 

Blackjack  oak _ 

Overcup  oak _ 

Poet  oalc _ 

Chestnut  oak _ 

Black  willow _ 

Southern  cottonwood _ 

Eastern  cottonwood _ 

Sttgarberry _ 

Green  ash _ 

White  ash _ 

American  dm _ 

Bitter  pecan _ 

Hickory _ 

Sugar  maple _ 

Soft  maple _ 

American  beech _ 

Black  cherry _ 

Yellow-poplar _ 

Red  alder _ 

EhicalypttM  (tiganUa) _ 

Nire . . 

Ulme _ 

Coigue _ 

Tepa . . 

SOFTWOODS; 

Jack  pine _ _ 

White  pine _ 

Red  pine _ 

Shortleaf  pine _ 

Tamarack _ 

Douglas-fir  (second  growth) 

Douglas-flr  (old  growth) _ 

Western  hemlock _ 

Western  redcedar _ 

Black  spruce _ 


Pulp  strength  at  660  cc.  S.R.> 


Pulp 

yield 

NmtSOi 

Double 

Pulp 

eonzumed 

Bunt* 

Tear* 

folds 

content 

Lb.  per 
1001b. 

Lb.  per 
100  lb. 

O.D.  wood 

O.D.  wood 

Pta.  per  lb. 

Gm.  per  lb. 

No. 

Percent 

79 

10.2 

0.98 

0.96 

816 

18.4 

81 

11.7 

.87 

1.17 

181 

15.2 

77 

11.8 

.98 

.86 

161 

11.6 

80 

8.0 

.64 

1.00 

29 

18.2 

76 

9.1 

.62 

.88 

100 

14.8 

78 

12.6 

.82 

.68 

'is'.r 

74 

8.8 

.29 

.67 

2 

76 

6.4 

.24 

.68 

1 

18.9 

76 

9.1 

.86 

.76 

9 

14.0 

79 

11.9 

.79 

1.00 

100 

14.9 

79 

12.0 

.82 

.88 

160 

14.6 

76 

18.8 

.84 

.79 

30 

16.1 

76 

10.2 

.80 

.96 

136 

18.0 

74 

9.2 

.43 

.70 

10 

21.8 

77 

8.0 

.30 

.67 

11 

22.4 

81 

9.6 

.63 

.78 

6 

20.9 

80 

8.1 

.86 

.80 

6 

21.7 

78 

10.6 

.60 

.74 

86 

16.0 

80 

11.0  > 

.64 

.74 

30 

15.8 

76 

14.1 

.74 

.96 

96 

18.8 

77 

9.4 

.66 

.78 

29 

14.1 

72 

11.8 

.74 

.90 

60 

12.2 

76 

11.4 

.67 

.91 

26 

11.8 

80 

11.0 

*.48 

*1.84 

76 

9.0 

.46 

1.17 

7 

.... 

79 

11.6 

.46 

.63 

17 

16.4 

71 

16.6 

.43 

.78 

8 

*  11.0 

74 

12.6 

.46 

.71 

46 

18.6 

81 

12.8 

.62 

.80 

62 

28.8 

78 

19.0 

1.08 

.93 

406 

16.0 

81 

16.7 

.84 

.80 

880 

22.9 

79 

17.6 

.86 

.70 

400 

19.6 

78 

18.0 

.68 

1.00 

60 

20.8 

77 

17.2 

.81 

1.20 

160 

19.0 

80 

19.8 

.82 

1.06 

166 

18.9 

77 

17.4 

.64 

.95 

130 

20.1 

86 

16.8 

.92 

1.40  , 

160 

78 

19.8 

1.06 

.90 

500 

81 

21.8 

1.07 

.80 

--- 

18.7 

■  Schopper-Riegler. 
*Ream  size — 26  x  40-600. 
>680  cc.  freeness. 


higher  than  those  of  the  sulfite  pulps  made 
from  the  same  wood  and  approach  the  corre¬ 
sponding  values  for  sulfate  pulp  from  the 
same  wood.  For  a  given  yield  the  lignin  con¬ 
tent  of  the  pulp  varies  with  the  amount  of 
lignin  in  the  wood.  A  high  residual  lignin  con¬ 
tent  in  a  pulp  may  account  in  part  for  its  rela¬ 
tively  low  strengths  in  some  instances. 

In  general,  the  strengths  of  the  softwood 
semichemical  pulps  are  higher  than  those  of 
the  hardwood  pulps,  but  in  contrast  to  hard¬ 
woods  the  softwo^  semichemical  pulps  have 
lower  strengths  than  the  more  completely  de- 
lignified  chemical  pulps.  For  some  softwoods, 
the  strengths  of  the  semichemical  pulps 
approach  those  of  sulfite  pulps  made  from  the 


same  species,  but  they  are  considerably  lower 
than  those  of  their  sulfate  pulp. 

The  color  of  unbleached  neutral  sulfite  semi¬ 
chemical  pulps  varies  with  the  color  of  the 
wood.  Light-colored  woods  produce  pulps  only 
slightly  darker  than  unbleached  sulfite  pulp. 
The  neutral  sulfite  semichemical  pulps  of 
lighter  color  can  be  substituted  for  unbleached 
sulfite  to  a  certain  extent  in  some  products  if 
their  strengths  are  sufficient. 

Semichemical  pulps  tend  to  produce  hard, 
brittle  sheets  having  low  opacity.  Althoug  i 
these  properties  can  be  controlled  to  some  ex¬ 
tent  in  refining,  for  many  uses  it  is  desirable  to 
blend  them  with  other  pulps  to  compensate  for 
these  characteristics.  In  reding  the  pulps  it  i-> 
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necessary  to  accomplish  the  separation  of  the 
fibers  to  the  degree  required  for  their  subse¬ 
quent  use.  The  reduction  of  shives  is  particu¬ 
larly  important  for  high-quality  papers  and  for 
bleaching.  It  is  unfortunate  that  in  refining  the 
freeness,  or  drainage  rate,  and  the  tearing 
strength  are  usually  reduced  more  dian  is  de¬ 
sirable  in  accomplishing  the  necessary  fiber 
separation.  In  order  to  accomplish  fiber  separa¬ 
tion  with  the  least  reduction  in  tearing  strength, 
cutting  effects  in  refining  should  be  avoided  as 
much  as  possible.  An  ideal  refining  treatment 
would  be  one  capable  of  producing  fiber  sepa¬ 
ration  with  as  little  hydration  as  possible  and 
of  providing  a  means  of  controlling  hydration 
to  the  extent  required.  Considerable  improve¬ 
ment  has  been  made  in  refining  semichemical 
pulps,  and  many  of  the  uses  of  semichemical 
pulps,  both  in  mill  production  and  experi¬ 
mental  trials,  mentioned  later,  would  not  have 


yield  of  neutral  sulfite  semichemical  pulp. 


been  possible  with  the  excessively  hydrated  and 
lower-strength  pulps  originally  obtained.  More 
recent  improvements  in  refining  methods  give 
some  promise  of  attaining  more  of  these  effects. 

Influence  of  Yield  on  Pulp  Strength 

As  mentioned  earlier,  the  yield  of  pulp  de¬ 
creases  and  the  strength  of  the  pulp  improves 
as  the  lignin  removal  progresses  with  digestion. 
Fig.  6  shows  the  variation  in  bursting  and  tear¬ 
ing  strengths  with  yield  of  neutral  sulfite  semi¬ 
chemical  pulp  for  four  species. 

It  is  indicated  that  the  strengths  in  most  in¬ 
stances  would  reach  maximum  values  at  yields 
between  50  and  60  percent  and  that  they  would 
decrease  rapidly  at  yields  greater  than  80  per¬ 
cent.  Yields  greater  than  90  percent  would 
probably  show  bursting-strength  values  in  the 
low  range  of  0.10  to  0.20  point  per  pound  per 
ream,  which  is  below  the  strength  of  some 
groundwood  pulps. 

Pulp  Strengths  Resulting  From  Different 
Cooking  Liquors 

In  general,  the  strength  of  semichemical 
pulps  prepared  with  acid,  neutral,  or  alkaline 
cooking  liquors  have  relationships  similar  to 
those  for  the  fully  delignified  pulps  prepared 
with  these  liquors.  The  neutral  sulfite  and  the 
sulfate  semichemical  pulps  have  highet 
strengths  than  soda  or  acid  sulfite  semichemical 
pulps.  With  some  exceptions  the  strengths  at 
the  higher  yields  are  somewhat  higher  for  the 
neutral  sulfite  semichemical  pulps  than  those 
for  the  sulfate  semichemical  pulps. 

Fig.  7  gives  a  comparison  of  the  strengths 
of  these  two  kinds  of  semichemical  pulps  pre¬ 
pared  in  different  yields  from  jack  pihe. 
Although  the  tearing  strength  is  slightly  higher 
for  the  sulfate  semichemical  pulp  over  the  en¬ 
tire  yield  range,  the  other  strength  properties 
are  higher  for  the  neutral  sulfite  pulp  than  the 
sulfate  at  yields  above  65  percent.* 

Bleaching 

Neutral  sulfite  semichemical  pulps  from 
some  woods  can  be  bleached  to  brightness 
values  up  to  about  75  percent,  whidi  is  below 
a  high  white,  in  single-stage  treatments  with 

•McGovern,  J.  N.,  Maclcin,  G.  E.,  and  Chidester, 
G.  H.  Fiber  ^ntainers,  Oct.  1948. 
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Fig.  7. — Relation  of  strength  properties  of  jack 
pine  neutral  sulfite  and  sulfate  semichemical  pulps 
to  yield  of  pulp. 


either  sodium  peroxide*  or  hypochlorite.®  In 
spite  of  the  hi^  lignin  content  of  the  pulp, 
the  reduction  in  yield  on  bleaching  is  small  for 
either  procedure,  since  little  lignin  is  removed 
under  these  conditions.  A  slight  improvement 

*  Kingsbury,  R.  M.,  Simmonds,  F.  A.,  Mills,  R.  T., 
and  Fennell,  F.  L.  Paper  Trade  Jour.,  ^pt.  12,  1946. 

‘Simmonds,  F.  A.,  and  Kingsbury,  R.  M.  Paper 
Trade  Jour.,  Jan.  23,  1947. 


in  pulp  strength  results  from  single-stage 
bleaching. 

Neutral  sulfite  semichemical  pulps  can  be 
bleached  to  brightness  values  of  80  percent  or 
more,  which  is  within  the  range  of  a  high 
white  color.®  This  usually  requires  a  multistage 
treatment  with  chlorine,  caustic  soda,  and  hypo¬ 
chlorite.  In  such  a  treatment  all  of  the  lignin 
and  some  of  the  cellulose  and  hemicellulose 
are  removed.  Since  the  lignin  content  of  the 
unbleached  pulp  is  high,  considerably  more 
chlorine  (10  to  20  percent  of  the  pulp)  is  re 
quired  than  is  necessary  for  bleaching  chemical 
pulps.  The  yield  of  bleached  pulp  is  55  to  60 
percent  of  the  wood.  The  removal  of  lignin  in 
this  combination  of  cooking  and  bleaching  is 
much  more  selective  than  it  is  in  the  prepara¬ 
tion  of  bleached  chemical  pulps  with  yields 
below  50  percent,  so  that  the  yield  of  cellulose 
in  the  completely  delignified  semichemical  pulp 
is  considerably  higher. 

It  is  perhaps  equally  significant  that  this  de- 
lignification  and  bleaching  procedure  results  in 
a  great  improvement  in  pulp  strength.  For 
hardwoods  the  strength  is  generally  higher  than 
that  of  pulps  prepared  by  other  processes,  and 
for  some  of  them  it  is  equivalent  to  that  of 
strong  softwood  sulfites.  Because  they  develop 
hydration  rapidly,  they  are  particularly  suitable 
for  glassine  paper,  but  are  less  suitable  for 
most  other  papers  when  used  alone.  The 
strengths  of  pulps  made  from  several  hard¬ 
woods  bleached  in  this  way  are  given  in 
Table  2. 

Sulfate  semichemical  pulps  can  be  bleached 
in  a  similar  manner,  but  they  require  much 
more  chlorine  than  the  neutral  sulfite  semi¬ 
chemical  pulps  because  of  their  higher  lignin 


Table  2. — Strength  Properties  of  Bleached  Neutral  Sulfite  Semichemical  Pulps 


Specie* 


Yield  of  Bleached 

bleached  >  pulp 
pulp  brightnea* 


O.b.  wood  Percent 


Pulp  atrength  at  660  cc.  (S.-R.)  ‘ 


Burat>  Tear^  Double  folds 


Pta.  per  Gm.  per 

lb.  lb.  No. 


Quakin|[  aapen _ 

Paper  birch _ 

Soft  maple _ 

American  beech _ 

Black  tupelo _ ... 

Yellow-poplar _ ... 

Sweetgum _ 

Beech,  cherry,  maple 

Eucalyptu* _ 

Douglaa-fir _ 


60 

77 

1.20 

1.02 

600 

67 

83 

1.18 

.90 

860 

62 

66 

.93 

1.16 

280 

69 

77 

.79 

1.18 

146 

66 

82 

1.09 

1.86 

660 

66 

82 

1.20 

1.10 

600 

67 

81 

1.08 

1.40 

660 

66 

88 

.93 

.91 

220 

62 

86 

.86 

1.66 

300 

42 

84 

1.18 

2.60 

1.000 

■Schopper-Riegler. 
>Ream  size — 26  z  40-600. 
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content.  Acid  sulfite  semichemical  pulps  can 
also  be  bleached  in  the  same  way,  but  the  re¬ 
sulting  strengths  are  lower  than  the  other  kinds 
of  semichemical  pulps. 

Uses  of  Semichemical  Pulp 
Unbleached  Pulps 

Neutral  sulfite  semichemical  pulp  was  first 
used  commercially  for  the  manufacture  of 
9-point  corrugating  board  from  tannin-extracted 
chestnut  chips.  This  use  has  been  well-estab¬ 
lished  for  many  years,  and  the  production  of 
high-quality  corrugating  board  from  semichem¬ 
ical  pulp  from  other  woods  has  expanded  to 
approximately  half  a  million  tons  annually. 
One  of  the  principal  requirements  in  corrugat¬ 
ing  board  is  stiffness  in  the  corrugated  sheet. 
The  strength  required,  however,  is  compara¬ 
tively  low.  A  light  color  is  not  essential,  and 
shives  and  specks  are  not  objectionable.  The 
necessary  properties  can  be  obtained  from  most 
woods.  Table  3  lists  the  properties  of  experi¬ 
mental  corrugating  boards  made  from  a  num¬ 
ber  of  species  and  wood  wastes. 

Semichemical  pulp  is  also  used  in  making 
some  grades  of  wrapping  paper,  insulating 
board,  roofing  felt,  and  a  few  other  products. 

Experimental  linerboards  of  excellent  quality 
and  considerably  lighter  in  color  than  kraft 
liners  have  been  made  from  jack  pine  semi¬ 
chemical  pulp  and  from  mixtures  of  jack  pine 
and  aspen  semichemical  pulps  obtained  in 
yields  of  75  to  80  percent.*  The  strength  re¬ 
quirements  for  linerboard  are  considerably 
higher  than  those  for  corrugating  board.  The 
digestion  and. refining  of  the  pulps  have  to  be 
carefully  controlled  so  that  high  strengths  are 
attained  at  a  high  freeness.  Linerboards  of 
good  quality  have  also  been  made  experimen¬ 
tally  at  the  Forest  Products  Laboratory  from 
several  other  species.  The  physical  properties 
of  these  linerbc^rds  are  given  in  Table  3. 

Experimental  newsprint  papers  of  good 
quality  have  been  made  by  using  substantial 
amounts  of  hardwood  semichemical  pulp  as  a 
part  of  the  furnish.  The  comparatively  high 
strength  of  the  hardwood  semichemical  pulp 
permits  the  inclusion  of  an  appreciable  propor¬ 
tion  of  low-strength  hardwood  groundwood. 
Good-quality  experimental  newsprint  contain¬ 
ing  as  much  as  80  percent  birch  has  been  made 


from  a  combination  of  50  percent  birch  semi¬ 
chemical  pulp,  30  percent  birch  groundwood, 
and  20  percent  spruce  groundwood.  Un¬ 
bleached  semichemical  pulps  of  light  color  can 
be  used  to  advantage  as  a  partial  substitute  for 
unbleached  sulfite  pulp  when  it  is  used  in  com¬ 
bination  with  groundwood  pulp  for  other 
papers  and  paperboards. 

Semichemtcd  pulps  from  wood  waste. — Ex¬ 
perimental  semichemical  pulps  have  been  made 
from  material  ordinarily  left  in  the  woods  after 
logging  and  from  various  forms  of  mill  waste, 
which  may  include  appreciable  quantities  of 
bark  and  fines.  Bark  an^  fines  produce  dirt  and 
low  pulp  strength.  As  much  as  20  or  25  per¬ 
cent  of  such  material  might  be  used  with  wood 
chips  for  corrugating  board,  however,  if  the 
species  is  suitable.  G)arse  pulps  for  wallboard, 
roofing  felt,  and  some  other  products  have  even 
lower  strength  requirements,  and  they  can 
easily  be  met  in  semichemical  pulps  made  from 
various  forms  of  waste. 

Decayed  wood  can  also  be  used  for  making 
semichemical  pulp  for  uses  in  which  the  pulp 
strength  is  adequate  and  the  darker  color  and 
dirt  content  are  not  objectionable.  It  is  indi¬ 
cated  that  for  some  kinds  of  decay,  white 
pocket,  for  example,  there  may  be  little  or  no 
loss  of  pulp  strength  because  of  the  decay,  even 
though  the  decay  may  have  progressed  far 
enough  to  reduce  appreciably  the  specific  grav¬ 
ity  of  the  wood. 

Bleached  Pulps 

In  experimental  trials  bleached  aspen  semi- 
diemical  pulps  have  been  successfully  substi¬ 
tuted  for  bleached  softwood  sulfite  pulp  used 
in  combination  with  aspen  groundwood  pulp 
in  making  paper  for  machine  coating.*  Satis¬ 
factory  bulk  and  opacity  were  maintained  by 
the  groundwood  pulp.  The  relatively  high 
strength  of  the  bleached  semichemical  pulp  was 
used  to  advantage  in  odier  trials  to  maintain 
the  sheet  strength  when  a  low-strength,  free 
aspen  groundwood  produced  at  a  low  energy 
consumption  was  used.'^  Substantial  quantities 
of  bleached  aspen  semichemical  pulp  are  now 
being  used  in  the  manufacture  of  groundwood 

•McGovern,  J.  N.  Paper  Trade  Jour.,  Nov.  11, 
1946. 

•M^ck'n,  G.  E.  Forest  Products  Laboratory  Report 
No.  R1709. 
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Table  3. — Properties  of  Semichemical  Corrugating  and  Liner  Boards 

Properties  of  paperboards* 


Species 


Semiehemical  Pulp 
process  yield 


Bursting  strength  Com- 

- Tearing  pression 

Weight  Caliper  Mullen  Unit  strength  resistance 


CORRUGATING  BOARDS: 

Lb.  per 
100  lb. 
O.D.  wood 

Lb.  per 

1. 000 
sq.  ft. 

0.001 

inch 

Pts.  . 

Pts.  per 
lb. 

Gm.  per 
lb. 

Lb. 

Hardwood  Pulpwood 

Aspen... _ _ _ ... 

Do* . 1 . 

Neutral  sulfite 

78.0 

32.6 

8.1 

101 

0.88 

0.99 

21.2 

Sulfate. . 

74.7 

23.3 

8.9 

60 

.56 

1.01 

11.6 

Southern  cottonwood _ 

Neutral  sulfite 

79.2 

23.7 

8.3 

60 

.60 

1.01 

Do . 

Sulfate _ 

74.7 

39.4 

9.0 

89 

.61 

.95 

Do . 

Acid  sulfite _ 

72.7 

86.9 

8.6 

42 

.83 

.  .65 

— 

Black  willow _ 

Neutral  sulfite 

79.1 

40.7 

9.6 

92 

.65 

1.01 

Do . 

Sulfate _ 

77.6 

42.0 

9.6 

86 

.69 

1.14 

Do . 

Acid  sulfite _ 

74.7 

82.3 

8.8 

88 

.34 

.69 

Sugarherry _ 

Neutral  sulfite 

76.0 

81.6 

8.9 

62 

.47 

1.12 

Do . 

Sulfate _ 

74.3 

28.1 

8.4 

44 

.44 

.89 

.... 

Hickory _ 

Neutral  sulfite 

78.7 

27.8 

9.4 

46 

.47 

1.24 

18.7 

Do . 

Sulfate . . 

73.9 

26.6 

8.9 

30 

.33 

1.18 

13.8 

American  dm _ 

Neutral  sulfite 

81.4 

29.7 

9.3 

38 

.86 

.81 

Do . 

Sulfate . . 

78.0 

33.8 

9.4 

44 

.38 

1.13 

Bitter  pecan _ 

Neutral  sulfite 

80.0 

30.6 

7.9 

28 

.29 

.67 

Do _ _ _ 

Sulfate . 

73.6 

36.4 

10.0 

63 

.48 

.92 

.... 

Green  ash _ 

Neutral  sulfite 

74.4 

28.2 

9.6 

14 

.15 

.62 

Do . 

Sulfate . . 

76.8 

32.0 

9.9 

85 

.31 

.66 

Sweetgum _ 

Neutral  sulfite 

79.2 

30.2 

9.7 

61 

.49 

1.16  . 

Chestnut  oak _ 

_ do _ 

74.8 

25.9 

9.6 

30 

.84 

.99 

12.0 

Do . 

Sulfate _ 

73.6 

26.4 

9.8 

83 

.36 

.82 

12.5 

Overcup  oak _ 

Neutral  sulfite 

76.4 

29.8 

10.2 

80 

.29 

.62 

14.2 

Do . 

Sulfate _ 

68.9 

29.9 

10.0 

36 

.36 

1.00 

12.6 

Post  oak _ 

Neutral  sulfite 

76.2 

24.1 

9.4 

17 

.21 

.69 

7.0 

Do . 

Sulfate _ 

69.6 

26.1 

9.2 

26 

.27 

.70 

Blackjack  oak _ 

Neutral  sulfite 

71.1 

36.9 

9.0 

68 

.47 

,87  . 

Do . 

Sulfate _ 

76.7 

27.6 

9.6 

31 

.32 

'70 

.... 

Hardwood  Wastes 

Woodworking  wastes* _ 

Neutral  sulfite 

76.4 

29.8 

9.3 

SO 

.29 

.76 

9.8 

Do . . . 

Soda  ash _ 

76.7 

28.0 

9.6 

28 

.29 

.77 

10.8 

Cull  hardwoods* _ 

Neutral  sulfite 

77.9 

26.0 

9.8 

29 

.33 

.77 

9.9 

Extracted  oak* _ 

_ do _ 

72.6 

81.2 

9.4 

38 

.35 

.72 

16.7 

Softwood  Pulpwood  and  Wastes 

Young-growth  Douglas-fir _ 

Deci^ed,^  old-growth  Douglas- 

Neutral  sulfite 

84.1 

26.6 

10.4 

60 

.56 

2.76 

10.8 

_ do _ 

76.4 

26.0 

8.9 

49 

.66 

1.97 

11.1 

Do . 

Sulfate _ 

74.3 

26.8 

9.4 

29 

.31 

2.23 

9.0 

Douglas-fir  honed  waste _ 

Western  redcedar _ 

Neutral  sulfite 

81.6 

26.6 

11.1 

49 

.55 

2.87 

11.9 

_ do _ 

72.7 

26.9 

9.1 

87 

.97 

1.87 

14.2 

Western  hemlock _ 

_ do _ 

84.7 

29.6 

11.9 

71 

.69 

2.11 

14.8 

Commerdal  Southern  Hardwood 
Semichemical _ 

Neutral  sulfite 

26.6 

9.8 

32 

.84 

1.33 

12.9 

UNER  BOARDS: 


Hardwood  Pulpwood 


Aspen _ 

Neutral  sulfite 

78.2 

67.3 

14.7 

121 

.64 

1.33 

48.2 

Paper  birch _ 

_ do . - 

78.6 

64.4 

15.3 

134 

.71 

1.28 

46.7 

Eastern  hardwoods’ _ 

_ do _ 

72.0 

62.3 

16.1 

102 

.67 

1.16 

34.9 

Eucalyptus  (giganlea) _ 

_ do _ 

70.7 

46.4 

14.8 

111 

.69 

1.28 

87.9 

Softwood  Pulpwood 

Jack  pine _ 

Neutral  sidfite 

78.0 

48.0 

16.6 

-127 

.76 

2.12 

28.8 

Do . 

Sulfate _ 

73.8 

43.4 

16.4 

87 

.68 

2.61 

19.8 

Red  pine _ 

Neutral  sulfite 

79.0 

60.4 

23.4 

100 

.67 

1.60 

22.4 

White  pine _ 

_ do _ _ 

81.8 

60.6 

20.1 

107 

.61 

1.66 

28.8 

Tamarack _ 

_ .do _ 

77.0 

68.6 

17.2 

134 

.72 

1.78 

87.6 

Western  redcedar _ 

_ do _ 

65.0 

46.1 

14.4 

181 

.82 

1.67 

89.1 

Western  hemlock _ 

_ do _ 

84.7 

47.6 

16.9 

130 

.79 

2.30 

85.0 

Second-growth  Douglas-fir _ 

Sound,  old-growth  Douglas-fir. 

•-..-do _ 

80.3 

48.2 

16.0 

100 

.69 

2.92 

26.1 

_ do _ 

76.6 

48.8 

19.8 

91 

.64 

2.65 

26.7 

Do . 

Sulfate _ 

63.9 

47.8 

15.6 

64 

.39 

8.16 

24.1 

Commercial  Southern  Pine  Sulfate  Sulfate* _ 

48 

42.9 

14.5 

110 

.73 

3.26 

27.2 

■Ream  size — 25  x  40-500. 

>Rough  wood  used. 

^Mixture  of  hogged  box,  furniture,  and  veneer  mill  wastes. 
^Mixture  of  sugar  maple,  red  maple,  yellow  birch,  and  beech. 


^Predominantly  red  oaks,  chestnut  oak  excluded. 
•Firm-rotted  wood  used. 

’Mixture  of  beech,  cherry,  and  maple. 

•Not  semichemical. 


book  papers  that  are  machine  coated  for  which 
they  replace  a  part  of  the  softwood  sulfite  pulp 
component. 


In  small-scale  paper-machine  trials,  bleached 
semichemical  pulps  from  aspen  and  other  hard¬ 
woods  have  b^n  substituted  for  bleached  soft- 
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wood  sulfite  pulp  in  combination  with  soda 
pulp  in  high-quality,  carbonate-filled,  ground- 
wood-free  book  papers  with  good  results. 

In  mill-scale  trials*  bleached  aspen  semi- 
jhemical  pulp  has  been  used  very  successfully 
in  making  the  high-quality  glassine  paper  ordi¬ 
narily  made  from  Mitscherlich  sulfite  pulp. 

Other  trials  have  indicated  that  bleached 
hardwood  semichemical  pulp  can  be  used  ad¬ 
vantageously  with  groundwood  pulp  in  towel 
papers  when  employed  in  amounts  up  to  33 
percent  to  replace  softwood  sulfite  pulp. 

Bond  papers  having  good  formation  and  sur¬ 
face  characteristics  and  satisfactory  strength 
have  been  made  experimentally  by  using  up  to 
50  percent  bleached  aspen  semichemical  pulp 
to  replace  bleached  softwood  sulfite  pulp. 

General 

It  is  thus  apparent  that  considerable  progress 
is  being  made  in  the  manufacture  and  use  of 
both  unbleached  and  bleached  semichemical 
pulp  for  various  commercial  papers  and  boards. 
Successful  experimental  trials  have  indicated 
their  suitability  for  many  other  uses.  The  high 
yield  of  pulp  obtained  by  the  semichemical 
processes  and  the  adaptability  of  these  processes 
to  the  many  wood  species  that  are  available  but 
not  used  extensively  today,  should  serve  as  in¬ 
centives  for  investigations  to  apply  the 
processes  to  other  woods  and  to  find  additional 
uses. 

Discussion 

Irving  H.  Isenberg  (Institute  of  Paper  Chem¬ 
istry)  :  How  do  the  strength  properties  of  un¬ 
bleached  neutral  sulfite  semichemical  pulp 
compare  with  the  pulps  made  by  the  standard 
chemical  process  from  the  same  species  of 
wood? 

Dr.  Chidester:  For  hardwoods,  the  strength 
of  the  unbleached  semichemical  pulp  is  higher 
than  sulfite  pulp  from  the  same  wood,  but 
slightly  lower  than  the  strength  of  sulfate  pulp. 


'Fries,  Karl  W.  Paper  Trade  Jour.,  May  23,  1946. 


For  softwoods,  the  semichemical  pulp  strengths 
are  lower  than  sulfite  or  sulfate  pulps. 

Dr.  Isenberg':  How  does  the  time  of  devel¬ 
oping  strength  in  beating  of  semichemical  pulp 
compare  with  the  rate  for  kraft  and  sulfite 
pulps? 

Dr.  Chidester:  Hardwood  semichemical 
pulps  tend  to  develop  strength  more  rapidly 
than  hardwood  kraft  or  sulfite.  Some  softwood 
semichemical  pulps  develop  strength  slower. 

Dr.  Isenberg:  Is  it  not  true  that  the  tearing 
strength  is  lower  in  the  semichemical  paper? 

Dr.  Chidester:  It  is  true  that  the  tearing 
strength  of  semichemical  paper  tends  to  be 
lower  than  the  maximum  values  developed  in 
sulfate  and  sulfite  pulps.  In  the  lower  range  of 
freeness,  however,  the  tearing  strength  of  semi¬ 
chemical  pulps  is  essentially  equal  to  that  of 
sulfite  pulps. 

Harry  F.  Lewis  (Institute  of  Paper  Qiem- 
istry)  :  Do  you  get  tall  oil  from  this  process? 

Dr.  Chidester:  We  have  no  data  on  that. 

W.  A.  Hosmer  (Harvard  University) :  How 
do  the  costs  of  the  neutral  sulfite  semichem¬ 
ical  process  compare  with  the  costs  of  the 
chemical  process?  And  what  would  be  the 
status  of  stream  pollution  in  the  new  process? 

Dr.  Chidester:  The  cost  of  semichemical 
pulp  should  be  considerably  lower  than  that 
of  chemical  pulp.  If  the  spent  liquor  is  dis¬ 
carded,  its  pollution  effect  would  be  approxi¬ 
mately  one-third  that  of  sulfite  waste  liquor 
from  the  same  amount  of  pulp. 

Kenneth  G.  Chesley  (Crossett  Lumber  G)m- 
pany) :  This  might  be  a  good  place  to  point 
out  that  kraft  liquor  is  not  thrown  away  and 
we  have  a  comparatively  minor  pollution  prob¬ 
lem.  The  difference  in  the  mill  waste  from  the 
two  processes  under  discussion  is  reflected  in 
the  fact  that  there  is  less  lignin  in  the  spent 
liquor  from  the  semichemical  process  than 
from  the  sulfite  process. 

Dr.  Chidester:  That  is  correct.  Sulfite  waste 
liquor  is  usually  discharged  in  the  mill 
effluent. 


207 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Dr.  Hosmer:  Gin  your  spent  liquor  be  re¬ 
covered  economically? 

Dr.  Chidester:  Sodium  sulfite  semichemical 
spent  liquor  can  be  recovered  in  a  kraft  re¬ 
covery  process  where  the  recovered  chemicals 
can  be  used  for  making  kraft  pulp.  Although 
there  are  several  possibilities,  no  process  has 
operated  successfully  on  a  commercial  scale  to 


recover  the  sodium  sulfite  semichemical  spent 
liquor  and  reuse  it  for  the  same  purpose. 

P.  Bender  (Canadian  Forest  Products  Lab¬ 
oratory)  :  Can  you  give  us  some  examples  of 
specific  pulp  yields  from  your  process? 

Dr.  Chidester:  Semichemical  pulp  yields  arc 
ordinarily  in  the  range  of  70  to  85  percent  of 
the  weight  of  the  wood  used. 
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Dry-Formed  Boards,  Bonded  With  Resins 
or  Other  Materials 

F.  Bender 

Forest  Products  Laboratory,  Ottawa,  Canada 


The  subject  of  diy-formed  structural  boards,  i.e.  boards  that  have  not  been  ptepwed  from  watery  fibre 
suspensions,  has  not  receired  much  attention  so  fu  from  research  workers.  The  most  impottant  processes  are 
briefly  described  and  the  economics  of  dry-board  production  are  discussed.  A  few  suggestions  with  rqpud  to 
future  developments  are  offered. 


Introduction 

T  IS  necessary  to  define  this  subject  clearly 
before  discussing  it.  In  this  paper  structural 
boards  only  will  be  considered.  These  are 
often  referred  to  as  wallboards.  Dry-formed 
boards,  in  contrast  to  boards  that  have  been 
formed  from  a  watery  fiber  suspension,  are 
boards  the  raw  materials  of  which  have  not 
been  suspended  in  water  for  the  purpose  of 
sheet  formation.  This  definition  does  not  ex¬ 
clude  processes  in  which  the  binder  is  added  in 
liquid  form,  although  these  processes  are  not 
dry  in  the  sense  of  excluding  all  moisture.  In¬ 
cluded  also  are  materials  which,  owing  to  their 
shape  and  size,  are  not  called  boards,  but  which 
are,  however,  closely  related  to  boards  so  far  as 
manufacture  and  uses  are  concerned,  e.g.  tiles, 
bricks,  and  similar  products. 

Necessity  for  Further  Investigadoa 

The  preparation  of  dry-formed  boards  has 
not,  so  far,  been  thoroughly  investigated  on  a 
scientific  basis.  No  studies  as  to  the  influence 
of  important  variables  on  the  qualities  of  these 
boards  have  been  reported.  There  are  countless 
technical  articles  and  patents  dealing  with  the 
preparation  of  boards  and  other  materials  from 
all  kinds  and  forms  of  wood  waste,  but  nearly 
all  of  these  contain  nothing  but  prescriptions 
as  to  composition,  mixing  procedure,  and 
pressing. 

On  the  other  hand,  if  one  realizes  the  large 
quantity  of  materials  available,  the  need  for 
Reaper  building  materials  and,  last  but  not 
least,  die  desirability,  if  only  in  the  interests  of 
forest  conservation,  of  the  fullest  economic 
utilization  of  wood  and  wood  products,  one 
cannot  help  feeling  that*  dry-formed  boards 


utilizing  wood  waste  as  a  base  represent  a  chal¬ 
lenge  not  only  to  the  inventor  and  industrialist 
but  perhaps  even  more  to  the  scientist  working 
in  related  fields. 

There  are  several  reasons  for  the  lack  of  sci¬ 
entific  information  on  this  subject:  (1)  The 
most  important  raw  material  for  dry-formed 
boards  from  our  point  of  view  is  sawdust,  a 
material  which  so  far  has  been  considered 
either  as  a  nuisance  or,  at  best,  as  a  fuel. 
Neither  aspect  tended  to  stimulate  research  on 
board  production  from  sawdust.  A  comparison 
with  fiberboards,  the  manufacture  of  which  has 
greatly  profited  by  the  application  of  scientific 
methods,  makes  this  point  clearer.  Fiberboards 
are  based  on  raw  materials  which  are  of  tre¬ 
mendous  importance  in  other  fields,  such  as 
paper  and  textiles.  These  fields  have,  for  many 
years,  made  extensive  use  of  scientific  research, 
and  the  methods  and  results  of  this  research 
work  could  be  applied,  at  least  partially,  to  the 
fiberboard  field.  (2)  Another  reason  for  the 
lack  of  development  is  the  fact  that  good  resins 
became  available  at  reasonable  prices  only 
within  the  last  few  years. 

Types  of  Binders  Used 

As  pointed  out  in  the  definition  of  the  sub¬ 
ject,  dry-formed  boards  do  not  rely  on  fiber 
adhesion  to  provide  strength  and  consequently 
a  bonding  element  has  to  be  added.  As  this 
holds  in  all  cases,  it  is  logical  to  group  the  ex¬ 
isting  boards  according  to  the  type  of  binder. 
The  following  binder  materials  have  been  used 
or  are  being  used: 

(1)  Inorganic  materials:  magnesia  cements, 
silicates,  portland  cement. 
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(2)  Organic  materials:  proteinic  materials, 
sudi  as  glues,  blood  (fresh  or  dried), 
casein;  starchy  materials;  synthetic 
resins;  lignin,  either  that  derived  from 
pulping  processes  or  native  lignin. 

As  many  of  the  substances  in  these  groups 
can  be,  and  actually  are,  combined  with  others, 
it  is  obvious  that  the  number  of  variations  is 
considerable. 

Boards  With  Inorganic  Binders 
Magnesium  Compounds 

These  boards  have  been  rather  successful  in 
Europe  (1)  where  building  materials  are  ex¬ 
pensive  and  where  raw  materials  are  less 
abundant.  One  of  the  various  products  that 
have  proven  to  be  useful  is  manufactured  by  a 
process  that  consists  of  soaking  pine  shavings 
in  a  magnesium  sulphate  solution,  dusting  with 
magnesium  oxide,  and  subjecting  the  mixture 
to  slight  pressure  in  a  heating  timnel  with  a 
maximum  temperature  of  350*  C.  The  process¬ 
ing  zone  is  260  ft.  long  and  the  total  process¬ 
ing  time  is  20  minutes.  At  the  end  of  the  heat¬ 
ing  tunnel  is  a  small  cooling  tunnel.  The  slabs, 
which  emerge  still  steaming,  are  cut  into 
2-meter  lengths  and  stacked.  The  product 
weighs  25  lb.  per  cu.  ft.  and  has  a  thermal 
conductivity  factor  of  0.458.  Similar  boards 
are  produced  from  excelsior  and  magnesia 
binders.  As  all  processes  are  continuous,  rather 
large  production  units  are  required. 

Silicates 

Although  silicates  are  widely  used  in  the 
manufacture  of  .corrugated  boards  and  several 
other  paper  products,  structural  boards  based 
on  these  materials  have,  so  far  as  is  known, 
not  been  successful.  The  main  reason  may  be 
the  fact  that  silicates  are  not  sufficiently  stable 
as  adhesives.  Changes  in  internal  structure, 
such  as  transition  from  gels  to  crystals,  can 
cause  sudden  break-down  of  glue-lines,  which 
would  be  very  undesirable  in  structural  mate¬ 
rials. 

Portland  Cement 

Portland  cement,  at  a  first  glance,  seems  to 
possess  many  of  the  requirements  of  a  binder 
for  converting  wood  waste  into  stractural  mate¬ 
rials.  It  is  cheap,  available  in  large  quantities 


and,  by  itself,  strong.  The  combination  with 
wood,  however,  is  not  ideal,  as  the  rigidity  of 
the  set  cement  on  the  one  hand  and  shrinking 
and  swelling  of  partly  embedded  wood  par¬ 
ticles  on  the  other  hand  conflict  somewhat. 
Pretreatment  of  the  sawdust  reduces  the  shrink¬ 
age  and  swelling  to  some  extent,  but  does  not 
eliminate  it.  Nevertheless,  a  number  of  combi¬ 
nations  of  cement  and  sawdust  or  shavings  are 
being  produced  and  can  be  used  for  a  limited 
number  of  purposes,  such  as  interior  walls. 
The  hollow  spaces  of  such  boards  take  up  con¬ 
siderable  amounts  of  water;  consequently  the 
product  cannot  be  used  where  it  is  likely  to 
become  wet  and  cold,  as  a  few  cycles  of  freez¬ 
ing  and  thawing  would  weaken  and  finally 
destroy  it. 

Organic  Materials 
Proteinic  Binders 

Proteins,  such  as  blood,  casein,  and  vege¬ 
table  proteins,  are  used  extensively  for  wood 
gluing,  and  it  is  logical  to  assume  that  wood 
waste  glued  with  these  materials  can  be  proc¬ 
essed  into  fair  boards  and  tiles.  One  of  the 
shortcomings  of  proteins,  i.e.,  the  decomposi¬ 
tion  by  micro-organisms,  can  be  dealt  with  by 
the  addition  of  fungicides.  In  the  special  case 
of  fresh  blood  an  additional  difficulty  results 
from  the  very  rapid  decomposition  of  this 
material  unless  special  precautions  are  taken. 

Starchy  Materials 

Starchy  materials  have  not  been  successful  in 
the  manufacture  of  structural  materials,  as  it 
has  been  found  impractical  to  waterproof  the 
resulting  boards  adequately. 

Synthetic  Resins 

Since  the  prices  of  urea  and  phenolic  resins 
have  come  down  considerably  during  the  last 
10  years,  these  materials  have  entered  the  field 
of  dry-formed  boards  on  both  sides  of  the 
Atlantic.  The  Germans  (2)  made  boards  from 
wood  waste  and  comparatively  small  amounts 
of  phenolic  resins.  In  England  (5)  boards  with 
urea  resin  binders  are  in  commercial  produc¬ 
tion,  and  recently  such  boards  are  finding  in¬ 
creasing  favor  in  Canada  and  the  United 
States.  All  these  boards  are  made  along  similar 
lines;  wood  waste  and  resin  are  mixed  and  the 
mixture  is  pressed  jpto  boards.  Most  processes 
are  discontinuous,  although  complicated  ma- 
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chines  for  continuous  production  have  been 
built  in  England  (4). 

Lignin 

The  principal  diflFerence  between  the  above- 
mentioned  boards  and  lignin-bonded  boards  is 
the  fact  that  lignin  is  itself  a  constituent  of 
wood.  As  there  are  various  types  of  lignin,  it 
is  preferable  to  speak  of  such  materials  as  soda- 
lignin,  lignosulphonic  acids,  etc.  Soda-lignins 
have  good  flow  properties  but,  in  combination 
with  wood  waste  alone,  produce  weak  boards. 
Additions  of  synthetic  resins  considerably  im¬ 
prove  the  mechanical  properties.  In  Guiada  (3) 
one  company  is  manufacturing  a  board  in 
which  soda-lignin  serves  as  a  bonding  agent. 
Although  this  board  does  not  strictly  belong 
to  the  group  of  wood  waste  boards,  as  it  is 
made  from  lignin-filled  paper  sheets  that  have 
been  laminated  under  heat  and  pressure,  it  is 
mentioned  here  because  the  lignin  serves  as  a 
binder.  A  related  product  is  made  in  the 
United  States  in  which  the  lignin  also  serves 
as  a  binder  (6). 

Lignosulphonic  acid  or  calcium  lignosulpho- 
nate,  available  in  large  quantities  in  sulphite 
waste  liquor,  has  been  claimed  to  prepuce 
serviceable  boards  in  combination  with  wood 
waste.  It  is  not  known  whether  the  Smith- 
Othmer  process,  which  describes  such  a  board, 
is  at  present  in  commercial  operation  (7). 

It  is  impossible  to  mention  all  processes  for 
the  manufacture  of  dry-formed  boards.  The 
products  and  procedures  mentioned  are  only 
examples  typical  of  certain  groups.  In  Table  1 
a  few  products  and  some  of  their  strength 
properties  are  listed.  One  point  that  ought  to 
be  mentioned  especially  is  that  all  dry-formed 
boards  have  comparatively  high  densities  which 
make  them  less  suitable  for  insulating  purposes. 
The  strength  of  most  of  the  listed  products, 
although  lower  than  the  figures  for  good  fiber- 
boards,  is  sufiicient  for  many  purposes. 

Economic  Considerations 

In  the  second  part  of  this  paper,  a  few  gen¬ 
eral  remarks  on  the  economic  aspects  of  the 
whole  problem  seem  to  be  appropriate.  From 
the  standpoint  of  cost,  wood  waste,  especially 
sawdust,  seems  to  be  an  ideal  starting  material 
for  structural  boards.  In  many  locations  it  has 
a  very  low  market  value  and  is  produced  in 


sufficient  quantities  to  assure  a  steady  supply  of 
raw  material.  One  of  the  biggest  problems  in 
waste  utilization,  that  of  collecting  the  mate¬ 
rial,  is  not  present  in  this  case.  The  data  of 
Table  1  show  that  sawdust  boards  are  sufli- 
ciently  strong  for  a  number  of  purposes,  such 
as  partitions,  ceilings,  and  core  boards.  The 
question  naturally  arises,  therefore,  why  more 
of  this  material  is  not  being  produced.  The 
factors  that  have  held  back  the  production  of 
sawdust  boards  are: 

(1)  Established  methods  of  fiberboard  pro¬ 
duction  are  based  on  highly  efficient 
continuous  processes. 

(2)  Fiberboards  are  slightly  or  markedly 
superior  to  dry-formed  lx)ards. 

(3)  As  their  source  of  strength  is  the  adhe¬ 
sion  between  fibers,  no  binders  are  re¬ 
quired. 

(4)  Fiberboards  can  be  made  in  a  much 
wider  range  of  densities.  The  low  den¬ 
sity  field  is  entirely  reserved  for  them. 

(5)  The  standards  for  wallboards  were 
drawn  up  after  some  of  the  nationally 
known  products  had  established  a  mar¬ 
ket,  consequently  the  existing  standards 
take  no  account  of  dry-formed  boards. 

'  Factors  in  favor  of  the  manufacture  of  dry- 
formed  boards  are: 

(1)  Dry-formed  boards  can  be  made  from 
nonfibrous  material,  such  as  sawdust, 
which,  in  many  locations,  is  available  at 
very  low  cost  and  in  large  quantities. 

(2)  The  capital  investrhent  for  a  plant  of 
minimum  size  for  economical  operation 
is  much  smaller  than  the  cost  of  a  fiber- 
board  plant. 

(3)  Waste  utilization  becomes  feasible  and 
profitable  in  locations  that  have  not 
sufficient  material  for  a  fiberboard  plant 

(4)  It  is  possible  to  face  dry-formed  l^ards 
with  resin  impregnated  paper  in  one 
operation,  thus  turning  out  a  product 
with  improved  appearance  and  strength. 

In  spite  of  the  high  standards  which  fiber- 
boards  have  reached  today,  present  high  prices 
of  fibrous  raw  materials  .and  the  need  for  con¬ 
servation  seem  to  favor  the  development  of 
dry-formed  boards.  It  is  true  that  resin  prices 
are  high,  but  resins  form  only  a  small  percent- 
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age  of  the  dry-formed  boards.  Estimates  of  the 
required  investment  for  machinery  of  a  mini¬ 
mum  size  plant  are  not  available  in  the  litera¬ 
ture.  However,  a  figure  of  $100,000  to 
$125,000  should  not  be  too  far  out  of  line — 
the  biggest  item  being  a  multi-opening  hot- 
press.  A.  small  fiberboard  mill  of  conventional 
design  costs  considerably  more.  Whereas  a 
number  of  sawmills  might  be  prepared  to  in¬ 
vest  $100,000  to  $150,000,  they  are  either  not 
in  a  position  or  are  reluctant  to  build  a  fiber- 
board  plant  costing  several  million  dollars. 
These  same  sawmills  might  have  sufficient  raw 
material  for  a  dry-formed  board  plant  but  in¬ 
sufficient  for  a  fiberboard  mill;  the  latter  not 
only  requires  a  larger  tonnage  per  day  but  util¬ 
izes  mainly  that .  part  of  the  waste  which  is 
fibrous  in  structure.  From  the  point  of  view  of 
waste  utilization,  dry-formed  boards  can  be¬ 
come  a  very  desirable  supplement  to  fiber- 
boards. 

Suggestions  for  Improvements 

So  far  an  attempt  has  been  made  to  describe 
the  existing  situations.  A  few  suggestions  for 
possible  improvements  in  dry-board  manufac¬ 
ture  will  now  be  made.  Dry-formed  boards  are 
based  on  rather  heterogeneous  materials.  This 
makes  it  impossible  to  recommend  procedures 
of  general  application,  and  the  following  re¬ 
marks  are  made  with  this  fact  in  mind. 

All  dry-formed  board  making  is  essentially 
nothing  else  but  gluing.  Consequently,  require¬ 
ments  for  good  glue-lines,  such  as  properly 
chosen  pressing  time,  temperature,  and  humid¬ 
ity,  should  be  applied.  Pressure  is  a  very  im¬ 
portant  factor.  It  is  often  applied  in  such  a 
way  that  considerable  pulsation  occurs.  With 
thermo-setting  binders  especially,  this  seems  to 
be  undesirable  and  it  would  seem  worth  while 
to  investigate  the  influence  of  pressure  fluctua¬ 
tions  on  the  quality  of  dry-formed  boards.  As 
the  main  impediment  to  increased  production 
of  dry-formed  boards  is  the  high  price  of 
binders,  development  of  new  low  cost  binders 
is  essential.  Thermo-plastic  materials  are  espe¬ 
cially  mentioned  in  this  connection,  as  prices 
are  high.  They  can  be  plasticized  and  their  use 
as  binders  would  produce  stronger  boards. 

Lignin  has  many  good  qualities  as  a  binder, 
but  also  some  weaknesses.  A  very  interesting 


development  on  the  Pacific  Coast  makes  use  of 
decayed  wood,  brown  rot,  which  is  claimed  to 
be  largely  lignin,  as  a  binder  for  a  hard  board 
(8).  If  it  proves  true  that  the  lignin  left  be¬ 
hind  after  a  micro-organism  has  destroyed  the 
cellulose  has  properties  superior  to  those  of 
chemically  prepared  lignins,  micro-biologists 
could  help  in  the  growing  of  such  organisms 
on  wood  waste  under  controlled  conditions. 
The  generally  accepted  explanation  of  the  de¬ 
velopment  of  brown  rots  is  that  the  cellulose 
is  removed  by  micro-organisms.  It  is  conceiv¬ 
able  that  not  only  can  lignin  be  made  available 
by  micro-biological  methods,  but  that  part  of 
the  wood  could  be  converted  to  proteinic  mate¬ 
rial  by  using  suitable  organisms.  The  resulting 
mixture  of  woody  material  and  proteins  could 
be  formed  into  boards,  the  protein  acting  as  a 
binder. 

It  is  obvious  that  the  derivation  of  the  binder 
from  wood  waste  itself  would  eliminate  the 
greatest  obstacle  to  a  substantial  production  of 
dry-formed  boards,  namely  the  need  for  the 
addition  of  a  binder.  Dry-formed  boards  will 
not  endanger  the  well-established  position  of 
fiberboards,  but  they  can  develop  into  valuable 
and  versatile  products  and  by  so  doing  permit 
the  use  of  some  forest  products  that  are  now 
wasted. 
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Discussion 

R.  E.  Dodd  (Durez  Plastics  &  Chemicals, 
Inc.) :  The  dry-formed  board  bonded  with 
phenolic  resin  as  listed  in  the  table  of  your 
paper  exhibits  low  strength.  Boards  (nade  in 
our  laboratory  were  considerably  stronger. 

Dr.  Bender:  The*  board  listed  was  picked 
out  at  random  from  a  great  number  of  experi¬ 
mental  boards  made  some  time  ago  with  a 
straight  phenolic  resin  (alkaline  catalyst) . 


213 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Many  presently  available  resins  will  produce 
boards  stronger  than  the  one  listed. 

Mr.  Dodd:  We  know  that  very  satisfactory 
board  material  can  be  made,  using  a  dry  mix 
of  Durez  powdered  resin  and  waste  wood, 
such  as  sawdust.  A  weight  of  resin  equal  to 
between  8  and  10  percent  of  the  weight  of 
the  sawdust  is  sufficient  to  produce  a  board 
that  can  be  readily  nailed  and  sawed  and 
which  is  strong  enough  for  many  purposes. 
Higher  percentages  of  resin  will  naturally 
make  a  stronger,  denser  board. 

Robert  M.  Boehm  (Masonite  G)rporation) : 
Which  gives  the  greater  strength  under  similar 
conditions,  dry  forming  or  wet  forming? 

Dr.  Bender:  Conditions  are  not  similar,  but 
wet-formed  boards  are  generally  stronger  than 
dry-formed  boards. 

Mr.  Boehm:  Then,  why  make  the  dry- 
formed  board? 

Dr.  Bender:  Dry-formed  boards  are  strong 
enough  for  many  purposes  and  their  manufac¬ 
ture  might  be  possible  for  many  smaller  con¬ 
cerns  that  do  not  have  sufficient  raw  materials 
to  supply  a  wet  process,  and  that  are  not  in  a 
position  to  finance  a  fibreboard  plant. 

Mr.  Boehm:  There  are  many  disadvantages 
of  the  dry-forming  process.  For  instance,  the 
cost  of  the  resin  of  a  dry-formed  board  with 
15  percent  binder  would  constitute  85  percent 
of  die  total  cost. 

Dr.  Bender:  Dry-formed  boards  are  recom¬ 
mended,  not  against  wet-formed  boards,  but 
only  as  supplements. 

Mr.  Boehm:  There  is  a  common  fallacy  in 
connection  with  dry  forming.  It  is  often  as¬ 
sumed  that  this  method  introduces  a  consider¬ 
able  saving  by  avoiding  the  necessity  of  dry¬ 
ing  out  the  large  amounts  of  water  used  in 
wet  forming.  Actually,  practically  all  of  the 
added  water  is  removed  mechanically  so  that 
in  the  final  drying  step  there  is  little  difference 
in  the  amount  of  water  to  be  evaporated,  and 
the  advantages  secured  in  using  water  as  a 
vehicle  for  the  refining,  screening  and  forming 
operations  are  secured  with  little,  if  any,  in¬ 
crease  in  the  heat  units  required  in  the  final 
drying. 


Armin  Elmendorf  (Elmendorf  Research, 
Inc.) :  Several  technical  problems  must  be 
carefully  analyzed  !}efore  the  manufacture  of 
dry-formed  sawdust  boards  can  be  safely  com¬ 
pared  with  the  manufacture  of  boards  made  by 
felting  fibers  from  a  water  suspension.  The 
subject  is  complex  and  cost  data  are  not  readily 
available.  Here  are  some  of  the  technical  ques¬ 
tions  that  determine  whether  dry-formed  saw¬ 
dust  boards  of  the  same  strength,  appearance 
and  general  stability  as  the  conventional  wet- 
formed  boards  can  compete  with  the  latter: 

1.  As  most  sawdust  has  to  be  dried  and 
comminuted  to  uniform  size  before  it  is  ready 
for  use,  means  for  drying  must  first  be  per¬ 
fected.  It  is  relatively  easy  to  dry  a  wet  lap 
deposited  on  a  screen  or  cylinder  and  much 
more  difficult  to  dry  an  equal  weight  of  saw¬ 
dust. 

2.  While  the  fibers  of  a  wet-formed  board 
cost  more  per  ton  than  sawdust,  less  fiber  is 
required  to  obtain  the  same  strength.. 

3.  For  wet-formed  boards,  3  percent  of 
resin  may  be  used,  whereas  at  least  8  to  10 
percent  is  generally  required  for  tlie  dry- 
formed  boards  of  the  same  strength.  For  a 
board  weighing  1  pound  per  square  foot,  the 
additional  resin  will  cost  about  $15.00  per  M 
square  feet  of  board  and  constitutes  a  liability 
of  the  sawdust  board.  If  the  fibers  cost  $30.00 
per  ton  and  the  graded  and  comminuted  saw¬ 
dust  $10.00,  the  difference  in  cost  amounts  to 
$20.00  per  ton  or  $10.00  per  M  square  feet 
of  board.  This  fact  is  in  favor  of  the  sawdust, 
but  when  both  factors  are  considered  the  bal¬ 
ance  is  in  favor  of  the  fibers  and  the  wet 
process. 

4.  The  lower  capital  investment  for  manu¬ 
facturing  the  sawdust  board  is  in  favor  of  this 
product,  but  total  manufacturing  cost  must  be 
considered  and  it  is  compounded  of  raw  mate¬ 
rials,  depreciation  and  interest  on  the  invest¬ 
ment  as  well  as  many  other  items  generally 
grouped  under  factory  overhead,  plus  labor 
and  supervision.  When  the  low  labor  cost  of 
the  wet-formed  board  is  considered  and  the 
high  production  per  dollar  of  investment,  the 
advantages,  if  they  exist  in  favor  of  the  dry- 
formed  sawdust  board,  are  not  at  all  obvious. 
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The  total  manufacturing  cost  is  made  of  many 
items,  and  accurate  cost  estimates  are  not 
easily  made,  but  a  sound  and  reliable  compari¬ 
son  of  the  ability  of  the  sawdust  board  to  com¬ 
pete  with  the  fiber  hardboards  nukes  the  acqui¬ 
sition  of  all  data  bearing  on  costs  the  first  and 
most  important  job  for  the  consulting  engineer 
making  the  analysis. 


Dr.  Bender:  Sawdust  is  by  no  means  an 
ideal  raw  material  for  boards  and,  wherever 
wood  waste  still  contains  fiber,  one  should  at¬ 
tempt  to  make  use  of  the  fibrous  stmcture  of 
the  material.  The  combination  of  the  fibrous 
part  of  the  wood  waste  with  the  simultaneously 
available  sawdust  will,  in  most  cases,  be  a 
logical  approach. 


I 
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Notes  on  Wood,  Plywood,  and  Hardboard 

Robert  M.  Boehm 
Director  of  Research 

John  S.  Harper 
Chemical  Engineer 

Masonite  Corporation,  Laurel,  Mississippi 


The  natural  defidendea  of  wood  can  be  materially  reduced  by  the  use  of  plywood,  low-density  fibetfaoarda, 
and  more  recently  developed  hardboards  and  related  products.  By  a  unique  process  of  breaking  and  tewelding 
the  basic  wood  bond,  with  fibers  interlaced  in  all  directions,  structural  panels  are  produced  whi^  have  uni¬ 
formly  distributed  propenies  of  strength  and  dimensional  cmuige.  Valuable  by-products  may  be  obtained  for 
use-  as  binders,  resin  extenders,  and  other  purposes.  Variations  in  the  process  make  possible  several  related 
high-density  products. 


Introduction 

OOD  fills  a  position  of  singular  emi¬ 
nence  in  the  field  of  materials  of  con- 
stniction.  It  has  attained  this  position 
in  the  face  of  certain  native  deficiencies.  For 
example  it  burns,  shrinks  and  swells,  splinters 
and  checks;  it  is  attacked  by  decay  and  insects, 
and  its  properties  vary  greatly,  not  only  from 
species  to  species,  but  from  tree  to  tree. 

Developments  in  wood  utilization  are  a 
tribute  to  those  who  have  worked  with  forest 
products.  Developments  in  impregnants,  coat¬ 
ings,  and  densification^  have  expanded  and  are 
continuing  to  widen  the  variety  of  applications 
to  which  this  versatile  product  can  be  turned. 
Similarly,  improvements  in  the  development  of 
structural  panels  have  been  far  from  negligible. 
It  is  with  the  purpose  of  charting  at  least  part 
of  the  progress  in  the  latter  field  that  this 
paper  is  submitted. 

Fundamentally,  the  properties  of  wood  orig¬ 
inate  in  the  structure  and  characteristics  of  the 
wood  fiber  itself.  For  purposes  of  simplifica¬ 
tion,  it  may  be  likened  to  a  tube  made  up  of 
windings  of  cellulose  fibers,  each  having  very 
high  tensile  strength.  These  cellulose  fibers  are 
sheathed  with  and  cemented  together  by  what 
is  probably  the  finest  organic  binder  known, 
lignin.  Interspersed  in  this  structure  are  the 
hemi-celluloses,  the  precursors  of  the  wood 
sugars.  Only  by  degrading  and  dissolving  out 
the  lignin  through  the  action  of  strong  chem¬ 
icals,  can  the  cellulose  fibers  be  separated  from 
one  another. 


*  A.  J.  Stamm,  Forest  Products  Lab.,  Mimeo. 
R1482,  December,  1944. 


In  natural  wood,  these  fibers  are  almost  all 
parallel  to  the  trunk  of  the  tree.  This  direc¬ 
tional  alignment  of  the  fiber  stmcture  is  at  once 
a  source  of  advantage  and  difficulty.  It  gives 
high  strength  parallel  to  the  grain  but  very  low 
strength  perpendicular  to  the  grain.*  Strength 
varies  considerably  between  woods  of  the  same 
species,  even  from  the  same  locality — ^a  varia¬ 
tion  which  may  be  as  much  as  30  percent  from 
the  average.®  In  attaining  its  hygroscopic  equi¬ 
librium  with  air  at  different  humidities,  wood 
may  swell  or  shrink  100  times  as  much  across 
the  grain  as  it  does  with  the  grain.® 

Plywood 

Plywood  represents  a  major  advance  in  over¬ 
coming  these  defects  of  natural  wood.  To 
equalize  dimensional  changes  and  strength 
variations  in  the  two  surface  directions,  the 
plywood  laminate  is  customarily  arranged  with 
the  grain  of  adjacent  plies  at  right  angles.  The 
increased  utility  of  such  constraction  is  well 
known.  Unfortunately,  in  the  construction  of 
plywood,  special  care  must  be  exercised  in  the 
selection  of  wood,  and  in  the  thickness  and 
arrangement  of  plies,  in  order  to  approach  the 
maximum  practical  values.  Equalization  of 
strength  at  all  surface  directions  is  seldom 
practical  and  may  not  be  economically  justified 
because  of  the  increase  in  number  of  plies  re¬ 
quired.  The  natural  variability  of  wood  still 

*L.  J.  Markwardt  and  T.  R.  Wilson,  U.  S.  Dept. 
Agri.,  Tech.  Bull.  No.  479,  September,  1935. 

•C  H.  Snow,  Wood  and  Other  Structural  Mate¬ 
rials,  McGraw-Hill  Book  Co.,  New  York,  1917. 

*R.  F.  Luxford  and  G.  W.  Trayer,  U.  S.  Dept. 
Agri.,  Wood  Handbook,  (Rev.)  June,  1940. 
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asserts  itself  so  that  shrinkage  and  expansion 
of  plywood  from  some  species  may  be  approx¬ 
imately  five  times  that  of  others.  NeverAeless, 
the  relative  shrinkage  of  plywood  in  any  direc¬ 
tion  is  aormally  less  than  one-tenth  of  the 
cross-grain  shrinkage  of  wood.^ 

Low-Density  Fiberboards 

Another  advance  in  the  use  of  wood  for 
structural  panels  is  the  manufacture  of  low- 
density  fiberboard  or  wallboard.  Wood  is  sepa¬ 
rated  into  coarse  fibers  by  refining  and,  after 
various  treatments,  is  formed  into  sheets,'  which 
are  consolidated  and  laminated.  The  chief  ad¬ 
vantages  accruing  from  this  process  are  the  uni¬ 
formity  of  properties  in  all  surface  directions 
and  the  ability  to  Utilize  wood  resources  unsuit¬ 
able  for  the  more  specialized  requirements  of 
plywood.  These  advantages,  however,  are 
accompanied  by  a  basic  deficiency.  The  process 
has  mechanically  separated  the  fibers  without 
reactivation  of  the  lignin  and  therefore  the 
product  depends  for  its  strength  on  a  paper- 
type  bond,  which  loses  much  of  its  strength  on 
wetting.  Efforts  to  overcome  this  difficulty  by 
impregnation  with  resins  and  other  materials 
have  improved  the  situation,  but  have  not  suc¬ 
ceeded  in  duplicating  the  powerful  bonding 
action  of  lignocellulose  in  natural  wood. 

Hardboard  Manufacture 

A  more  recent  development  in  the  wood 
utilization  industry,  which  serves  as  the  main 
topic  of  this  paper,  is  that  of  hardboard  and 
related  products.  Lignocellulose  products  of 
this  type  originated  some  23  years  ago  with  the 
development  of  the  Masonite  process.  The 
wide  range  of  applications,  enhanced  by  the 
variety  of  materials  with  specialized  properties 
which  may  be  produced,  has  marked  a  signifi¬ 
cantly  expanded  utilization  of  forest  products. 

^^ile  almost  any  fibrous  lignocellulose 
material  may  be  used,  in  the  normal  process 
the  chief  raw  material  consists  of  hardwood 
and  softwood  logs,  approximately  5  feet  long, 
and  3  inches  or  more  in  diameter.  These  logs 
are  barked,  chipped,  and  screened,  after  which 
they  are  conveyed  to  bins  for  storage  prior  to 
defibration  by  explosion.  The  guns  constitute 
the  heart  of  the  Masonite  process.  It  is  here 
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that  the  wood  is  hydrolyzed,  wherein  the  hemi- 
cellulose  is  broken  down  and  prepared  for  re¬ 
moval  and  the  lignin-carbohydrate  bond  is  re¬ 
leased.  The  type  of  product  desired  governs  the 
conditions  in  the  gun  and  the  extent  to  which 
the  reaction  is  allowed  to  proceed.  In  general 
the  treatment  consists  of  direct  steam  applica¬ 
tion  over  a  precisely  controlled  cycle,  ending  at 
1000  psi.  and  330®  F.  The  gun  charge  is  then 
released  suddenly,  with  the  result  that  the 
hydrolyzed  chips  are  exploded  into  a  brown, 
fluffy  mass  of  fiber.  The  most  important  fea¬ 
ture  of  this  fiber  is  the  modified  nature  of  its 
lignin  content.  Though  still  evenly  distributed 
on  the  fiber,  the  greater  part  of  the  lignin  has 
been  freed  from  its  carbohydrate  bonds.  In  its 
new  state,  it  merely  awaits  the  proper  condi¬ 
tions  of  heat  and  pressure  for  the  "wood  type” 
bond  to  be  re-established.  This  bond  gives 
products  characterized  by  high  strength  both  in 
the  wet  and  dry  condition;  and,  because  of  the 
heterogeneous  arrangement  of  fibers,  possessing 
a  strength  uniformly  distributed  in  all  surface 
directions. 

Subsequent  to  the  gun  treatment,  the  fiber  is 
washed  for  removal  of  the  hemicellulose  ex- 
tractables,  which  are  concentrated  and  spray 
dried  to  form  useful  by-products.  This  material 
is  available  in  two  forms — a  33  percent  con¬ 
centrate  known  as  Masonex  and  a  dry  powder 
called  Masonoid.  It  has  found  particular  appli¬ 
cation  as  a  binder  in  numerous  fields,  which, 
coupled  with  other  uses  developed  by  research, 
make  this  product  particularly  interesting. 

After  washing,  the  fiber  is  refined  and 
screened.  At  this  point,  the  finer  fractions  may 
be  separated  for  drying  and  bagging  as  the 
con^ercial  product  Benaloid  1000,  which  has 
found  particular  application  as  a  resin  extender 
and  in  the  foundry  field.  These  fine  fibers, 
however,  may  be  used  in  other  products  with 
the  coarser  fibers,  and  are  in  fact,  necessary  to 
the  manufacture  of  certain  products. 

The  wood  fibers,  in  water  slurry,  are  deliv¬ 
ered  to  a  modified  Fourdrinier-type  forming 
machine,  where  they  are  formed  into  sheets, 
called  wet  laps,  and  are  cut  to  the  proper 
length.  In  the  manufacture  of  the  familiar 
Maronite  Presdwood,  this  wet  lap  is  delivered 
immediately,  twenty  sheets  at  a  time,  to  mul¬ 
tiple-opening  hydraulic  presses  fitted  with 
steam-heated,  chrome-fini^ed  plates.  In  the 
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press,  each  sheet  rests  on  a  wire  screen  which 
leaves  a  characteristic  impression  on  the  back 
of  the  product  and  allows  the  escape  of  mois¬ 
ture  and  steam.  Pressure  and  heat  are  applied 
to  produce  moisture  free  panels  of  the  desired 
thickness  and  density.  In  the  case  of' Masonite 
Standard  Presdwood,  the  specific  gravity  is 
approximately  1.00.  The  hardboard  may  next 
be  impregnated  with  liquid  resins  to  enhance 
its  strength,  moisture  resistance,  and  hardness. 
The  impregnated  panel  is  “tempered”  by  cur¬ 
ing  at  high  temperatures,  after  which  it  is 
humidified  to  equilibrium  moisture  content. 
The  product,  known  as  Masonite  Tempered 
Presdwood,  has  a  specific  gravity  of  about  1.10, 
a  modulus  of  rupture  exceeding  10,000  psi., 
and  a  tensile  strength  of  more  than  3,000  psi. 

In  the  case  of  Masonite  Duolux,  the  wet  lap 
is  passed  through  a  tunnel  dryer  at  high  tem¬ 
peratures,  from  which  it  is  delivered  substan¬ 
tially  free  of  moisture.  The  dry  lap  is  then  con¬ 
ditioned  in  a  controlled  humidity  atmosphere 
to  a  definite  moisture  content  and  is  placed  in 
multiple-opening  hydraulic  presses,  each  sheet 
between  two  chrome-finished  plates.  After 
application  of  a  controlled  cycle  of  heat  and 
pressure,  the  panels  are  discharged  at  a  specific 
gravity  of  approximately  1.15.  These  panels 
are  then  tempered  and  humidified  to  produce 
hardboard,  smooth  on  both  sides,  with  a  spe¬ 
cific  gravity  of  approximately  1.20,  a  modulus 
of  rupture  of  12,000  psi.,  and  a  tensile  strength 
approaching  6,000  psi. 

Summarizing,  by  a  unique  process  of  break¬ 
ing  and  rewelding  the  basic  wood  bond,  with 
fibers  interlaced  in  all  surface  directions,  struc¬ 
tural  panels  are  produced  which  have  uni¬ 
formly  distributed  properties  of  strength  and 
dimensional  change. 

The  development  and  manufacture  of  hard- 
boards  is  only  a  part  of  the  contribution  made 
by  this  industry  to  increased  wood  utilization. 
A  variety  of  products,  ranging  from  low  to 
high  specific  gravities,  are  also  produced.  At 
the  low  end  of  the  density  scale  is  Masonite 
Cellufoam,  an  insulating  material  with  a  spe¬ 
cific  gravity  of  approximately  0.02.  This  prod¬ 
uct  is  manufactured  by  a  somewhat  different 
process  than  that  previously  described.  Cellu¬ 
lose  fiber,  normally  kraft,  is  disintegrated  in 
water  and  a  foaming  agent  added.  A  stable 
foam,  with  complete  dispersion  of  fibers,  is 


obtained  upon  violent  agitation  with  air  injec¬ 
tion.  This  foam  is  formed  into  a  sheet  on  a 
modified  Fourdrinier  machine  and  is  passed 
through  a  tunnel  dryer.  When  dry,  it  exhibits 
comparatively  good  resistance  to  water,  and  has 
a  thermal  conductivity  of  0.26  Btu’s  per  hour 
per  square  foot  per  degree  Fahrenheit  per  one- 
inch  thickness. 

Modifications 

A  relative  newcomer  to  the  variety  of  prod¬ 
ucts  stemming  from  the  Masonite  process  is 
Masonite  Leatherwood,  a  durable  hardboard 
panel  with  grained  surface  strikingly  like  that 
of  a  fine  leather  finish.  This  panel  is  finding 
particular  application  where  durability  must  be 
accompanied  by  a  rich,  pleasant  appearance. 
The  surface  is  attractive  in  its  natural  brown, 
and  can  be  finished  in  two-tone  colors.  The 
panel  is  produced  by  a  process  similar  to  that 
of  Masonite  Tempered  I^olux. 

A  more  familiar  product,  Masonite  Tempr- 
tile,  is  also  manufactured  by  the  use  of  special 
forming  plates  in  the  hydraulic  presses.  This 
hard,  tile-like,  moisture-resistant  panel,  when 
properly  coated,  provides  an  attractive  wall 
finish,  featuring  ease  of  installation  and  excel¬ 
lent  wearing  properties. 

By  modifying  the  gun  treatment  to  provide 
a  semi-plastic  fiber,  and  incorporating  changes 
in  the  handling  of  the  formed  lap  prior  to  and 
during  pressing,  a  high  density  material. 
Masonite  Die  Stock  is  produced.  This  material 
is  laminated  with  resins  to  give  4-  by  12-foot 
panels  in  thicknesses  up  to  2  inches,  at  a  spe¬ 
cific  gravity  of  1.4  or  about  the  ultimate  density 
of  wood  material.  This  product  played  an  im¬ 
portant  role  in  the  wartime  development  and 
expansion  of  the  aircraft  industry.  Its  hard, 
smooth,  abrasion  resistant  surface  and  its  dura¬ 
bility  indicate  that  this  material  has  a  versatility 
of  application  which  has  only  been  partly  ex¬ 
plored  to  date. 

A  somewhat  similar  high  density  product. 
Masonite  Benelex  70,  was  developed  as  a  high 
grade  electrical  insulation  for  use  in  panels  and 
mounting  surfaces  for  current  carrying  equip¬ 
ment.  This  material  has  high  arc  resistance, 
excellent  dielectric  properties,  and  is  unaffected 
by  transformer  oil.  G)ntinuing  research  has  led 
to  distinct  improvements  in  this  product,  which 
will  soon  be  commercially  available. 


218 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


In  conclusion,  we  have  attempted  to  explore 
some  of  the  progressive  steps  in  the  modifica¬ 
tion  of  wood  to  enhance  its  usefulness  to  man 
and  minimize  its  drawbacks.  Through  the  de¬ 
velopment  of  plywood  and  more  particularly 
lignocellulose  hardboard,  dmensional  change 
and  non-uniformity  of  stren^  properties  have 
been  greatly  reduced  for  structural  panels.  In 
the  latter  industry,  many  new  and  useful  mate¬ 
rials  have  come  through  the  vigorous  prosecu¬ 
tion  of  research.  Based  on  the  present  knowl¬ 
edge  of  w(x>d  and  the  manipulations  to  which 
it  can  be  subjected,  it  does  not  seem  at  all  im¬ 
probable  that  a  continuing  active  research  pro¬ 
gram  will  result  in  even  greater  expansion  of 
uses  for  forest  products. 

Discussion 

Armin  Elmendorf  (Elmendorf  Research, 
Inc.) :  We  will  readily  grant  that  the  differ¬ 
ence  in  the  physical  properties  of  wood  in  the 
direction  of  the  grain  and  across  the  grain  is 
very  great;’  also  that  the  properties  vary  con¬ 
siderably  from  one  sawed  board  to  the  next. 
But  there  are  some  uses  for  lumber  where  the 
difference  in  strength  in  the  two  directions  is 
a  definite  asset  and  where  the  uniformity  of 
properties  of  the  synt.hetic  board  is  a  liability. 
In  the  case  of  lumber  sheathing,  the  studding 
provides  the  strength  and  stiffness  in  one  direc¬ 
tion  and  the  strength  with  the  grain  of  the 
^  sheathing,  that  is  across  the  studding,  is  its 
important  strength  property. 

A  synthetic  hardboard  ^-inch  thick  costs 
roughly  about  the  same  as  lumber  sheathing 
^-inch  thick,  and  the  modulus  of  rupture  of 
the  lumber  is 'about  twice  that  of  the  hard¬ 


board.  As  the  strength  varies  as  the  square 
of  thickness,  it  may  be  seen  that  a  piece  of 
lumber  used  as  sheathing  supported  in  cross¬ 
bending  by  studding  is  about  72  times  as 
strong  as  the  hardboard  costing  the  same. 

It  will  also  be  borne  in  mind  that  the  nail 
holding  power  of  lumber  is  very  much  higher 
than  that  of  synthetic  hardboard  of  the  same 
cost. 

Where  nail  holding  power  and  strength  in 
one  direction  are  important,  ordinary  lumber 
therefore  has  great  advantages  over  the  syn¬ 
thetic  product. 

Mr.  Boehm:  In  general,  if  the  specific  grav¬ 
ity  of  the  average  construction  wood  is  con¬ 
sidered  to  be  about  one-half  that  of  pressed 
boards,  for  the  same  weight,  the  thickness 
should  be  doubled,  resulting  in  four  times  the 
strength  or  eight  times  the  stiffness  in  static 
bending.  In  tensile  strength,  the  results  would, 
of  course,  be  proportional  to  the  thickness,  as¬ 
suming  approximately  the  same  values  for 
modulus  of  rupture  and  modulus  of  elasticity, 
which  is  a  fair  assumption  for  tempered  Presd- 
wood  as  compared  to  the  ordinary  wood  used 
in  construction. 

^^ere  high  directional  strength  is  desired 
per  unit  weight,  there  is  no  question  but  that 
wood  is  superior.  We  would  not  make  fly  rods 
of  hardboard.  However,  considering  both  prod¬ 
ucts  as  a  structural  materials  only,  I  want  to 
stress  the  large  variations  in  stren^  in  natural 
wood  and  the  very  high  safety  factors  required 
as  compared  to  hardboards  or  even  to  ply¬ 
woods.  Reference  to  these  variations  are  listed 
in  my  paper. 
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Compreg — ^Resin-Treated  Densified  Wood 

George  K.  McLean 

Development  Engineer,  Parkwood  Corporation,  Wakefield,  Massachusetts 

The  manufacture  and  propertie*  of  comiveg  are  summarixed  and  its  properties  are  compared  to  those  of 
wood  and  metal.  The  present  uses  for  compreg  and  the  properties  of  this  material  that  make  it  suitable  for  a 
rariety  of  added  uses  are  discussed. 


Introducdon 

OMPREG  is  a  phenol-formaldehyde- 
impregnated  wood-veneer  laminate;  com¬ 
pressed  under  high  heat  and  pressure  to  a 
density  of  approximately  1.35,  combining  the 
properties  of  wood  and  plastics. 

It  is  manufactured  commercially  by  several 
laminators  in  the  United  States  to  fill  the  need 
for  a  material  that  is  harder  and  more  stable 
than  wood  and  lighter  than  metals. 

It  is  used  extensively  in  the  metal  tooling, 
aircraft,  textile  and  woodworking  industries 
because  of  its  dimensional  stability,  strength 
and  permanent  beauty  which  is  obtained  simply 
by  buffing  the  machined  surfaces. 

Compreg  is  the  generic  term  applied  to  resin 
treated,  laminated,  compressed  wood  which  is 
marketed  under  such  trade  names  as  Pregwood, 
Compregnated  Wood,  Pluswood  and  Hi-Den. 

The  term  "compreg”  should  be  reserved  for 
woods  that  are  truly  treated,  and  not  be  given 
to  laminated  compressed  wood  that  may  have 
been  impregnated  by  only  a  very  small  amount 
of  glue  line  resin  such  as  "super-pressed  ply¬ 
wood”  (1).  Impreg  (2)  which  is  resin  treated 
but  not  compressed,  and  Staypak  (2)  which  is 
compressed  but  not  treated,  are  sometimes 
erroneously  confused  with  Compreg. 

The  development  of  compreg  has  been  fos¬ 
tered  by  two  factions,  namely  those  interested 
in  the  advancement  of  wood  products  and 
those  engaged  in  the  manufacture  of  laminated 
plastic  products.  The  object  of  the  former 
group  has  been  to  improve  the  utility  of  wood 
by  modifying  its  properties  with  emphasis  on 
improving  dimensional  stability.  The  plastics 
industry  has  recognized  wood  as  a  suitable  re¬ 
inforcing  medium  to  augment  and  broaden  a 
line  which  included  various  paper  and  fabric 
base  laminates.  The  efforts  of  such  men  as  Dr. 
A.  J.  Stamm  and  Messrs.  Seborg  and  Millet  of 


the  U.  S.  Forest  Products  Laboratory  in  con¬ 
junction  with  industrial  laminators,  such  as 
Formica  and  Parkwood,  and  resin  manufactur¬ 
ers  such  as  Bakelite  Corporation,  are  rewarded 
as  compreg  gains  recognition  as  a  valuabU 
industrial  tooling,  structural  and  decorative 
material. 

Commercially,  compreg  is  a  relatively  nev 
material,  harder  and  more  stable  than  wood 
and  lighter  than  metal,  combining  the  better 
qualities  of  both  wood  and  plastic.  Before  the 
war,  production  was  insignificant,  although  two 
large  electrical  manufacturers  produced  and 
consumed  quantities  for  insulating  parts  where 
tensile  strength,  rigidity  and  moisture  resistance 
were  of  importance.  In  1944,  approximately 
1,000,000  pounds  of  compreg  were  manufac¬ 
tured  for  aircraft  propellers  alone.  In  the  post¬ 
war  era,  compreg  has  filled  a  need  for  a  hard, 
durable  decorative  material  where  ebony,  rose¬ 
wood  and  teak  supplies  were  limited  and  used 
extensively  by  designers  and  engineers  in  the 
textile,  rubber  and  metal  tooling  fields. 

Although  most  woods,  with  the  exception  of 
some  hard  woods  such  as  oak  and  the  heart- 
woods  of  a  number  of  softwoods  can  be  im¬ 
pregnated  with  resin,  commercial  compreg  is 
mainly  processed  from  yellow  birch  or  hard 
maple  in  -^-in..  or  ^-in.  veneers,  since  these 
woods  yield  the  best  balance  of  ultimate  prop¬ 
erties  and  are  readily  available. 

Resins  Used 

The  resin  treatment  has  a  two-fold  purpose, 
first  to  deposit  an  inert  bulking  medium  within 
the  cell  wall  structure  of  the  wood  to  dimen¬ 
sionally  stabilize  it,  and  second,  to  provide  an 
adhesive  to  bond  the  veneers.  Many  resin  form¬ 
ing  systems  have  been  tried,  but  none  has  been 
found  so  effective  as  a  water-soluble  phenol - 
formaldehyde  resinoid.  The  water-soluble  res- 
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inoids  are  formed  from  phenol  and  formalde¬ 
hyde  with  only  limited  polymerization,  so  the 
molecules  remain  small  enough  to  penetrate  the 
cell  wall  structure  readily.  Because  of  the  high 
polarity  of  these  low  polymers,  the  wood  is 
swollen  beyond  its  maximum  swelling  in  water, 
indicating  a  selective  adsorption  of  this  type  of 
resin  within  the  intimate  cell  wall  structure. 
Alcohol-soluble  phenol-formaldehyde  resins 
which  have  been  slightly  polymerized  are  also 
used,  but  since  most  resins  of  this  type  are  ad¬ 
vanced  to  larger  molecular  structure,  they  do 
not  penetrate  the  cell  wall  structure  and  thus 
fail  to  provide  the  stabilizing  effect.  Such  resins 
have  been  used  in  Europe  in  making  the  equiv¬ 
alent  of  compreg,  but  they  are  not  used  in  the 
United  States. 

Resorcinol  resin  can  be  substituted  for 
phenol  resin,  but  it  is  considerably  more  expen¬ 
sive.  Its  only  advantages  are  that  the  resin  can 
be  set  at  lower  temperatures  and,  since  no  acid 
or  alkaline  catalyst  is  needed,  it  offers  the  pos¬ 
sibility  of  obtaining  a  product  with  somewhat 
better  electrical  resistance  properties. 

Cresols  can  be  substituted  for  part  of  the 
phenol,  but  because  of  their  lower  solubility  in 
water  they  are  less  suitable  than  straight  phenol 
and  are  more  expensive  in  the  United  States. 
Substituting  furfural  for  formaldehyde  also  re¬ 
duces  the  water  solubility  of  the  treating  sys¬ 
tem.  Furfural-aniline  and  furfural-alcohol  sys¬ 
tems  have  been  tried  and  found  to  give  fairly 
good  dimensional  stabilization,  but  they  are 
difficult  to  cure  completely  within  the  wood. 
Melamine-formaldehyde  resins  have  not  been 
thoroughly  studied  as  impregnating  agents  for 
wood,  because  their  cost  is  higher  than  that  of 
phenol  resins  and  there  is  little  likelihood  that 
they  would  impart  superior  properties  to  the 
wood. 

Urea-formaldrfiyde  is  the  only  resin-forming 
system  other  than  the  phenol-formaldehyde 
system  that  has  received  serious  consideration 
for  the  bulking  treatment  of  wood.  Dimethyl- 
olurea  and  urea  dissolved  in  formalin,  when 
buffered  at  a  pH  of  about  8  and  cured  within 
the  wood,  give  about  one-half  the  stabilizing 
effect  of  water-soluble  phenol-formaldehyde 
resinoids  in  the  same  concentration  (4).  A  13 
percent  phenol-resin  content  of  the  wood  gives 
it  the  same  dimensional  stabilization  as  a  30 
percent  urea-resin  content.  This  greater  stabil¬ 


izing  effect  of  phenol  resin  offsets  any  price 
advantage  that  the  urea  resin  may  have.  Urea- 
resin-forming  systems  are  further  inferior  to 
phenol  systems  in  plasticizing  the  wood  prior 
to  cure,  in  preventing  springback  in  com¬ 
pressed  wood  (3)  and  in  ease  of  their  distribu¬ 
tion  throughout  the  wood  (6).  Only  a  limited 
amount  of  urea-resin-treated  wood  has  been 
made  commercially. 

Compreg  Processing 

The  impregnation  of  veneer  used  for  proc¬ 
essing  a  grade  of  compreg  with  maximum 
dimensional  stability  and  moisture  resistance  is 
best  effected  by  total  immersion.  At  atmospheric 
pressures,  the  immersion  time  is  about  24 
hours,  depending  on  the  thickness,  size  and 
type  of  wood.  Impregnating  time  can  be  appre¬ 
ciably  reduced  by  vacuum-pressure  treatment  in 
an  autoclave.  The  resin  content  of  the  veneer 
based  on  the  oven  dry  weight  of  the  untreated 
wood  is  controlled  at  about  30  percent, 
although  higher  impact  values  are  obtained  at 
lower  resin  contents  with  a  proportionate  loss 
in  moisture  resistance. 

After  impregnating,  the  resin  is  allowed  to 
diffuse  and  then  is  dried  to  a  moisture  content 
of  from  2  to  5  percent,  depending  on  the 
thickness  to  which  it  is  to  be  laminated.  Thidc 
panels  require  a  low  moisture  content  to  avoid 
subsequent  checking  of  the  product,  while 
thinner  material  may  be  processed  with  better 
appearance  at  the  higher  moisture  content. 

The  laminating  of  veneers  into  compreg 
panels  is  effected  by  curing  the  stock  at  300“  F. 
under  pressures  of  1000-1500  p.s.i.  with  a 
cure  time  of  approximately  one  hour  per  inch 
of  stock.  The  thermosetting  resins  used  neces¬ 
sitate  cooling  to  room  temperature  under  pres¬ 
sure  which  usually  is  effected  in  less  time  than 
the  cure  cycle,  depending  on  the  temperature 
and  pressure  of  the  available  water  supply. 

The  manufacture  of  compreg  on  a  commer¬ 
cial  basis  necessitates  the  use  of  a  large  volume 
of  veneer  and  resin,  and  presents  many  varied 
problems  such  as  the  effect  of  heart-  or  sap- 
wood,  spring-  and  summerwood  veneer,  and 
aging  of  resin.  Since  the  dimensional  stability 
of  the  ultimate  product  depends  on  the  bulk¬ 
ing  of  the  cell  wall  structure,  and  the  resinoid 
causes  swelling  in  the  immersion  stage,  strains 
are  obviously  set  up  as  the  resin  ffows  and 
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chemically  cross  links  under  high  pressures  and 
temperatures,  and  the  veneer  is  exposed  to 
severe  distortion.  To  cope  with  these  problems 
and  conditions,  the  manufacturers  must  employ 
constant  control  in  each  step  of  the  operati(m 
involving  veneer  inspection,  resin  analysis,  with 
controlled  treatment  and  drying.  The  multiple¬ 
opening  laminating-presses  of  the  Parkwood 
Corporation  are  equipped  with  temperature  and 
pressure  recording  equipment  in  order  to  in¬ 
sure  proper  cure  of  panels,  and  periodic  checks 
are  made  on  the  rate  of  heating  in  the  center 
of  thick  panels  to  avoid  building  up  of  the 
temperature  by  the  exothermic  resin  curing 
reaction. 

Properties  of  Compreg 

The  specific  gravity  of  compreg  averages 
1.35.  Thick  sections  laminated  at  specific  gravi¬ 
ties  above  this  point  are  subject  to  checking, 
while  an  appreciable  drop  in  the  specific  grav¬ 
ity  results  in  lower  physical  and  mechanical 
properties. 

The  water  absorption  by  compreg,  deter¬ 
mined  according  to  the  old  Army  Air  Forces 
Specification  (1)  (1  by  3  by  %  in.  specimen, 
one  in.  in  the  fiber  direction)  after  a  24-hr.  im¬ 
mersion  in  water  will  range,  for  products  of 
high  specific  gravity,  from  less  than  1  percent 
for  the  best  stabilized  compreg  to  6  percent  or 
more  for  the  less  stabilized  compreg.  In  all 
cases,  a  decrease  in  specific  gravity  will  result  in 
increased  water  absorption. 

Because  compreg  swells  so  slowly,  the  old 
24-hr.  water-absorption  test  has  little  meaning. 
A  new  rapid  equilibrium  swelling  and  recovery 
test  (developed  by  the  U.  S.  Forest  Products 
Laboratory)  is  being  included  in  a  new  speci¬ 
fication  now  in  preparation  (1).  In  this  test, 
cross  sections  ^  in.  wide  1^  the  thickness  of 
the  panel  and  2  in.  long  are  measured  in  the 
thiclmess  direction  of  the  original  panel,  then 
soaked  in  water  at  70“  F.  for  24  hr.,  and  then 
again  measured  in  the  same  direction.  These 
thin  sections  come  virtually  to  swelling  plus  re¬ 
covery  equilibrium  in  this  period  of  time. 
Tests  have  shown  that  when  the  equilibrium 
swelling  plus  recovery  does  not  exceed  12  per¬ 
cent  increase  in  thickness,  which  is  the  newly 
specified  maximum,  the  tendency  for  the  par¬ 
ticular  compreg  to  washboard  in  service  (ex¬ 
hibit  uneven  swelling  plus  recovery)  without 


a  surface  finish  is  negligible.  Most  of  the  com¬ 
preg  now  made  in  the  United  States  will  meet 
this  specification,  although  the  earlier  material 
would  not. 

Compreg  is  relatively  resistant  to  decay,  ter¬ 
mites  and  marine  borers  and  it  is  more  resistant 
to  acids  and  mild  alkaline  solutions  than  wood, 
impreg  or  staypak.  The  flame  resistance  of 
compreg  is  also  considerable  and  can  be  fur¬ 
ther  improved  by  incorporating  phosphate  salts 
in  the  treating  solutions. 

A  high  degree  of  polish  can  be  imparted  to 
any  cut  surface  of  stabilized  compreg  by  merel} 
sanding  the  surface  with  fine  sandpaper  and 
then  bufling  it.  This  potential  polish  exist? 
throughout  the  structure.  All  that  is  necessat) 
to  bring  it  out  is  to  smooth  the  surface.  This 
easy  way  of  restoring  the  finish  would  be  an 
advantageous  property  of  compreg  or  compreg- 
faced  furniture  or  flooring.  The  natural  finish 
is  highly  resistant  to  such  organic  solvents  as 
alcohol  and  acetone,  which  destroy  most  applied 
finishes. 

Compreg  has  a  higher  coefficient  of  thermal 
expansion  than  normal  wood,  largely  because 
of  its  high  degree  of  compression.  Tlie  in¬ 
crease  is  mostly  in  the  direction  of  compression 
and  is  generally  about  50  percent.  The  in¬ 
crease  in  the  thermal-expansion  values  can  be 
calculated  from  the  resin  content  and  degree  of 
compression  (11). 

The  strength  properties  of  compreg,  with 
the  exception  of  toughness  and  Izod  impact, 
are  increased  about  in  proportion  to  its  in¬ 
crease  in  specific  gravity. 

Compreg  made  with  higher  resin  contents 
has  greater  compressive-strength  values  but 
lower  tensile  and  Izod  impact  values  ( 3).  Many 
of  the  strength  properties  of  compreg,  such  as 
the  modulus  of  rupture  and  the  modulus  of 
elasticity  in  static  landing  and  shear,  are  but 
slightly  affected  by  manufacturing  variables  and 
degree  of  cure,  whereas  the  water-resistance 
properties  continue  to  be  improved  with  a 
more  complete  cure  (8).  The  toughness  and 
Izod  impact  values  of  compreg,  however,  var\ 
considerably  with  variations  in  the  manufac¬ 
turing  technique  and  curing  time  (7).  For 
this  reason,  one  of  these  two  tests  should  be 
re^larly  made. 
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G)mpreg  is  from  10  to  20  times  as  hard  as 
normal  wood  and  is  appreciably  higher  in 
abrasion  resistance. 

Specific  strength  properties  of  densified  wood 
can  be  emphasized  by  varying  the  grain  direc¬ 
tion  of  the  laminae.  A  fishing  rod,  for  exam¬ 
ple,  is  produced  with  a  parallel  lamination  for 
directional  strength,  while  a  forming  die  is 
produced  with  cross  grain  laminations  to  pro¬ 
vide  uniform  strength  in  all  directions. 

Due  to  its  increased  hardness  and  the  pres¬ 
ence  of  resin,  compreg  is  more  difficult  to 
machine  than  normal  wood.  In  appreciable 
thicknesses,  it  should  be  cut  with  special  saws 
such  as  those  used  for  cutting  brass  or  plas¬ 
tics.  Machine  speec^s  should  in  general  be 
lower  than  for  cutting  normal  wood.  Compreg 
machines  well  and  can  be  turned  with  greater 
precision  than  normal  wood  on  a  lathe  using 
metal-working  tools. 

Compreg  is  more  brittle  than  normal  wood 
and  most  metals,  although  it  is  considerably 
tougher  than  the  ordinary  molding  plastics. 
Because  of  its  brittleness,  objects  made  from  it 
should  have  rounded  fillets  rather  than  sharp 
edges.  This  is  true  of  threads  cut  in  compreg. 

Compreg  can  be  glued  to  itself  or  to  normal 
wood  with  both  hot-press  and  room-tempera- 
ture-setting,  nonacidic  resin  glues.  The  com¬ 
preg  surfaces  to  be  glued  should  be  lightly 
sanded  to  remove  the  surface  gloss  before  glu¬ 
ing  (10),  and  when  the  panels  are  thick,  these 
surfaces  should  be  milled  plane  so  as  to  assure 
perfect  contact.  Glue  spreads  of  15  to  27  lb. 
per  1,000  sq.  ft.  of  single  glue  line  should  be 
applied.  Gluing  pressures  should  be  adequate 
to  get  good  contact,  generally  150  to  250  p.s.i. 

Some  Applications 

Because  of  its  exceptional  long  wearing 
qualities,  densified  wood  will  be  especially  valu¬ 
able  in  reducing  maintenance  costs  and  main¬ 
taining  quality  production.  Molds  for  post¬ 
forming  plastic  laminates,  for  example,  have 
been  made  of  compreg  since  they  have  longer 
lasting  qualities  than  ordinary  wooden  molds 
for  extended  production  requirements. 

These  same  wearing  qualities  have  made 
compreg  valuable  in  the  'production  of  turn 
tables  for  rubber  extrusions.  Turn  tables  previ¬ 
ously  made  of  conventional  wood  splintered 


and  tore  the  rubber.  The  compreg  turn  tables 
have  such  smooth  surfaces  that  production  re¬ 
jects  have  been  greatly  reduced. 

Picker  sticks  of  densified  wood  are  now  sup¬ 
planting  those  made  of  conventional  wood  in 
the  textile  industry  because  of  their  superior 
stifiFness  and  strength.  These  sticks  are  sub¬ 
jected  to  continuous  abrasion.  Service  tests 
have  shown  that  600  sticks  of  densified  wood 
can  outlast  12,000  sticks  of  conventional  wood 
with  a  saving  in  cost  of  56  percent.  In  this 
particular  application,  production  was  acceler¬ 
ated  because  the  use  of  compreg  sticks  reduced 
shutdown  time.  Formerly  machinery  had  to  be 
stopped  for  one  hour  to  replace  the  conven¬ 
tional  wood  sticks. 

New  beauty  has  been  brought  into  the  most 
discriminating  households  with  utility  items 
fabricated  from  densified  wood.  Cutlery  han¬ 
dles  and  sheaths  to  grace  the  dining  table,  with 
silent  butler  and  cigarette  tray  tops  that  add 
new  warmth  to  living  room  accessories,  all 
possess  a  rich  appearance  and  close-grained 
beauty  that  will  not  be  marred  by  years  of  serv¬ 
ice.  Smooth  handles  of  this  material  are  also 
being  produced  for  other  home  items  such  as 
pot  and  roast  stands. 

The  enviable  combination  of  beauty  and 
strength  in  densified  wood  has  figured  prom¬ 
inently  in  the  production  of  fishing  rods.  The 
durability  oflFered  by  these  rods  is  evidenced 
by  the  many  types  of  service  for  which  they  are 
made.  Included  are  a  utility  boat  and  bridge 
rod,  a  bait-casting  rod,  a  spinning  rod,  and 
light  and  heavy  game  rods.  They  possess  the 
desired  flexibility,  are  virtually  impervious  to 
water  and  weather,  and  are  exceptionally 
strong,  having  a  tensile  strength  of  30,000 
pounds  per  square  inch,  and  a  flexural  strength 
of  40,000  pounds  per  square  inch. 

Other  applications  now  being  evaluated  for 
this  material  include  parting  boards  for  foun¬ 
dries  and  refractories,  gymnasium  flooring,  ma¬ 
rine  decking,  stair  treads,  doorsills,  millwork, 
and  bobbins  and  shuttles  for  textile  equipment. 

Densified  wood  is  a  challenge  as  well  as  an 
opportunity  for  the  woodworking  industry. 

Wherever  there  is  a  need  for  beauty  of  grain 
and  finish — or  service  qualities  that  defy 
abusive  treatment — densified  wood  will  pro¬ 
vide  a  new,  and  perhaps  the  final  answer. 
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Properties  of  Hi-Den 

The  physical  properties  of  Hi-Den  are  pre¬ 
sented  in  Table  1. 


Table  1. — Physical  Properties  of  Hi-Den 


Property  No.  Ill  No.  112  No.  121  No.  481 

Specific  Kravity _  1.30  1.80  1.80  1.80 

Tenaile  strength _ p.s.i.  86,  000  15,  000  40,  000  86,  000 


Modulus  of  rapture... pAi.  86,  000  20,000  46,000  42,000 

Isod  impact _  , 

ft.  lb.  per  inch  of  notch  6  3  8.6  7.6 

Moisture  absorption, 

24  hr. _ percent  2  2  6  3 


Standard  sheet  sizes  are  30  by  48  inches  up 
to  and  including  2  inches  thick;  23  by  34 
inches  up  to  and  including  ^  inch  thick.  To 
calculate  the  weight  of  a  given  panel,  use  20 
cubic  inches  as  equal  to  one  pound. 

The  standard  finish  is  a  natural  polish.  How¬ 
ever,  panels  up  to  %  inch  thick  can  be  sup¬ 
plied  with  one  or  both  surfaces  sanded.  An 
extra  charge  is  made  for  sanding. 

Hi-Den  is  made  with  a  plus  tolerance  on 
thickness  unless  otherwise  specified.  Closer  tol¬ 
erances  than  standard  can  be  obtained  by  sand¬ 
ing.  Thickness  tolerances  for  Hi-Den  are  given 
in  Table  2. 


Table  2. — ^Standard  Thickness  Tolerances 
FOR  Hi-Den 


ThiekneM 

Inches 


Tolerance 

Inches 


2 


0.125—0.160 
.260—  .280 
.375—  .410 
.600—  .640 
.626—  .670 
.760—  .800 
.875—  .930 
1.000—1.060 
1.126—1.200 
1.250—1.850 

1.875— 1.486 
1.600—1.620 
1.625—1.760 
1.760—1.876 

1.876— 2.000 
2.000—2.160 
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'  Discussion 

Walter  Buehler  (University  of  Florida) : 
Do  you  mean  to  imply  that  the  wood  cell  wall 
itself  is  actually  impregnated? 

Mr.  McLean:  The  fact  that  veneer  swells  to 
a  greater  extent  in  low  polymer  phenol  for¬ 
maldehyde  resinoids  than  in  water  indicates  a 
penetration  of  cell  wall  stmcture.  The  extent 
of  the  penetration  is  questionable,  but  the  im¬ 
proved  moisture  resistance  and  dimensional 
stability  of  compreg  impregnated  with  low 
polymer  resinoids  over  compreg  made  with 
resins  of  larger  molecular  structure  is  evidence 
that  the  cell  wall  has  been  penetrated,  stabilized 
and  sealed.  Let  me  refer  you  to  the  section 
"Resins  Used”  in  my  paper. 

£.  A.  Behr  (Chapman  Chemical  Company) : 
With  reference  to  Mr.  Buehler’s  statement  and 
Mr.  McLean’s  comments,  I  would  like  to  add 
the  following:  Materials  such  as  pentachlora- 
phenol  in  oil  or  creosote  are  non-swelling  solu¬ 
tions;  they  can  enter  the  pores  or  cell  cavities 
but  not  the  cell  wall  proper.  Water,  on  the 
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other  hand,  swells  wood,  which  means  that  the 
cell  wall  has  been  penetrated.  If  a  substance 
dissolves  in  water,  it  may  also  enter  the  cell 
wall  provided  it  is  small  enough  in  molecular 
size  to  enter  the  so-called  transient  capillaries 
which  are  opened  by  the  swelling  solvent. 
Resin  forming  materials  can  enter  these  capil¬ 
laries,  but  polymerized  resins  are  too  large. 

Frederick  H.  Vogel  (Alabama  Polytechnic 
Institute) :  I  am  interested  in  the  implication 
that  compreg  is  a  new  product.  I  know  that  it 
was  used  20  years  ago  by  the  Westinghouse 
Electric  Company  of  Pittsburgh.  In  1930  it 
was  used  to  make  compreg  "hook  sticks”  for 
large  electric  circuit  breakers  at  the  TraflFord 
Micarta  Works  of  Westinghouse,  and  the 
"wood-Micarta”  was  not  a  novelty  then. 

Mr.  McLean;  Commercially,  compreg  is  a 
relatively  new  material.  Before  the  war,  two 
large  electrical  manufacturers  produced  and 
consumed  large  quantities  for  insulating  parts 
where  tensile  strength,  rigidity  and  moisture 
resistance  were  of  importance.  May  I-  refer  you 
to  Column  2  on  the  first  page  of  my  paper? 

George  M.  Hunt  (Forest  Products  Labora¬ 
tory)  :  I  do  not  believe  that  the  term  "com¬ 
preg”  would  properly  apply  to  most  of  the 
products  which  have  masqueraded  under  that 
name. 

Mr.  Vogel:  I  know  that  the  old  Westing¬ 
house  material  was  made  by  soaking  Yg-  or 
l/l6-inch  wood  veneer  in  an  unpolymerized 
phenol-formaldehyde  resin  spup,  following 
which  it  was  dried  and  then  hot-pressed  at 
2,000  p.s.i.  to  yield  a  dense  engineering  prod¬ 
uct  known  as  "wood-Micarta”.  I  would  call  it 
"compreg”  as  y6u  define  that  term  today. 

Roy  Carter  (North  Carolina  State  College) : 
Compreg  is  made  to  a  variety  of  specifications 
and  it  varies  greatly  in  physical  properties.  It 
may  be  made  in  sizes  and  strengths  suitable  for 
many  uses  by  varying  the  species,  the  lamina¬ 
tion  thickness,  the  resin  impregnant  or  the 
pressure,  according  to  its  intended  use.  Some 
of  the  notable  applications  include  hardened 
desk  legs,  machine  parts,  finished  furniture 
parts  and  hammer  boards  for  machine  shop 
drop  hammers. 

Mr.  Hunt:  When  the  speakers  state  that 
compreg  has  been  in  use  in  this  country  and 
Europe  for  many  years,  I  think  there  must  be 
some  confusion  in  terminology.  It  is  true  that 


the  impregnation  of  wood  with  solutions  of 
polymerized  resin,  followed  by  densification 
has  been  practiced  for  a  long  time  both  here 
and  abroad  but  that  method  does  not  produce 
true  compreg;  the  resin  does  not  enter  the  fine 
capillary  structure,  and  does  not  provide  the 
high  degree  of  stabilization  characteristic  of 
compreg.  It  is  only  when  wood  is  impregnated 
into  the  fine  capillary  structure  of  wood  with 
a  solution  of  unpolymerized  or  partly  poly- 
meriied  resin-forming  chemicals  and  then  poly¬ 
merized  in  place  in  the  wood  that  the  subse¬ 
quently  densified  product  may  properly  be 
called  compreg.  This  is  a  relatively  new  mate¬ 
rial  and  process  that  provides  improved  prop¬ 
erties.  We  know  of  no  record  of  its  commer¬ 
cial  use  anywhere  prior  to  its  public  announce¬ 
ment  by  the  Forest  Products  Laboratory  in 
1936. 

Mr.  McLean:  Mr.  Hunt’s  comments  in  es¬ 
sence  summarize  the  statements  made  in  my 
introduction  with  emphasis  on  paragraphs  4,  3, 
add  6. 

Mr.  Carter:  'The  strength  properties  of  den¬ 
sified  wood  shown  in  Table  1  of  Mr.  McLean’s 
paper  reveal  a  considerable  increase  in  tough¬ 
ness  over  the  usual  resin-impregnated  and  com¬ 
pressed  wood.  'This  improvement  is  a  result 
of  imparting  to  the  treated  wood  some  of  the 
properties  of  the  Forest  Products  Laboratory’s 
"compreg”  and  "staypak.”  By  processing  at 
conditions  that  limit  and  control  the  resin  con¬ 
tent  toughness  is  considerably  increased.  This 
manufacturing  technique  and  the  improved 
properties  of  the  densified  wood  indicate  pos¬ 
sibilities  that  this  raw  material  may  find  new 
applications. 

One  attempt  to  use  the  compressed  wood  on 
maple  hammer  boards  was  made  about  2  years 
ago  in  cooperation  with  a  drop  hammer  mill  in 
Maine  and  the  Parkwood  Corporation.  The 
hammer  boards  vary  from  1%  inches  to  1% 
inches  thick  and  8  to  more  than  10  feet  long. 
Three  or  four  of  the  boards  are  placed  edge  to 
edge  in  the  drop  hammer  presses.  A  set  of  cam 
rollers  grips  the  hammer  boards  to  raise  the 
hammer.  Pressure  of  the  rollers  against  the 
maple  compresses  the  wood  and  slippage  of  the 
rollers  causes  greater  abrasion  of  the  maple 
boards  at  the  point  of  press  closure.  Since  com¬ 
preg  is  already  compressed,  we  tried  facing 
the  hammer  boards  with  %  inch  of  compreg. 
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thus  distributing  the  load  over  a  larger  surface 
of  normal  wood. 

The  average  length  of  life  of  a  set  of  ham¬ 
mer  boards  is  around  3  days.  Crushing  the 
boards  and  abrasion  decrease  the  width  of  the 
hammer  boards  beyond  use  and  are  the  main 
causes  of  failure. 

The  compreg-faced  hammer  boards  were  so 
dense  that  the  rollers  “slipped"  on  the  hard 
surface  and  wore  the  compreg  even  faster  than 
normal  wood.  After  6  hours  of  continuous 
service,  or  one  day,  the  compreg-faced  boards 


in  two  drop  hammer  presses  were  considered 
unusable,  ^^le  the  compreg  faces  naturally 
were  not  compressed,  the  abrasion  caused  by 
action  of  the  rollers  wore  the  hard  surfaces 
much  more  than  anticipated. 

A  number  of  people  have  inquired  about  the 
use  of  “compreg”  and  “staypak”  for  hammer 
boards.  I  believe  this  was  the  first  attempt  to 
make  hammer  boards  out  of  densified  wood. 

Mr.  McLean:  I  am  wholly  in  accordance 
with  Mr.  Carter’s  remarks  and  appreciative  of 
his  added  and  enlightening  information. 
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Wood  Preservatives 

R.  H.  Bescher 

Kopptrs  Co.,  Inc.,  Wood  Preserving  Division,  Technical  Department,  Orrville,  Ohio 

The  Taricty  of  preservativet  and  fire  tetardanu  offered  for  preaaare  treaanent  of  wood  may  confuse  the 
wood  user  not  familiar  with  the  field.  No  one  prmervatiTe  is  ideal  for  all  needs  each  has  in  good  qualities 
and  its  limitations.  Th'S  paper  is  intended  to  simplify  the  field  by  describing  the  more  important  preservatives, 
their  ap^catioos  and  limitatioos. 


Introduction 

OOD  is  the  most  widely  available, 
adaptable,  useful  construction  mate¬ 
rial.  It  is  light  and  strong,  easy  to 
work,  and  decorative  in  its  natural  state.  By 
means  of  pressure  impregnation  with  the 
proper  preservatives  it  can  be  given  perma¬ 
nence,  fire  retardance,  extra  hardness  or  dimen¬ 
sional  stability,  making  it  competitive  with 
manufactured  products  in  fields  where  un¬ 
treated  wood  cannot  compete.  Pressure  impreg¬ 
nation  makes  sapwood  grades  and  non-durable 
heartwoods  useful  for  many  purposes  where 
they  are  not  satisfactory  untreated. 

There  are  many  wood  preservatives  and  fire 
retardants,  and  no  two  are  exactly  alike  either 
in  composition  or  effectiveness.  Some  are  used 
where  only  resistance  to  decay  and  insect  attack 
are  required,  while  others  are  for  use  where 
cleanliness  is  of  primary  importance.  Some  pre¬ 
servatives  are  used  where  both  cleanliness  and 
resistance  to  leaching  are  necessary. 

Since  there  are  so  many  preservatives,  and 
since  the  ultimate  uses  to  which,  treated  wood 
is  put  are  so  varied,  jt  is  necessary  to  establish 
some  general  classification. 

Types  of  Preservatives 

There  are  four  general  types  of  wood  pre¬ 
servatives: 

1.  Standard  creosote  and  creosote-coal  tar 
solutions,  for  extreme  outdoor  service  condi¬ 
tions,  where  dark  color,  distinctive  odor,  and 
the  lack  of  paintability  are  not  objectionable. 
These  preservative  oils  are  widely  used  for 
piles,  poles,  posts,  ties,  and  all  other  wooden 
items  subject  to  the  most  severe  decay  and  in¬ 
sect  exposure.  They  are  the  only  preservatives 
satisfactory  for  marine  installations. 


2.  Inorganic  water  soluble  salt  preservatives. 
These  materials  are  suitable  where  leaching  is 
not  an  important  factor,  and  where  cleanliness, 
lack  of  odor,  and  paintability  are  of  primary 
importance. 

3.  Organic  oil  soluble  preservatives.  These 
are  fairly  specialized  materials,  practically  in¬ 
soluble  in  water,  but  sufficiently  soluble  in  other 
solvents,  usually  the  lighter  petroleums,  to 
make  a  treating  solution.  Most  prominent  in 
this  group  are  pentachlorophenol  and  copper 
oaphthenate.  Wood  treated  with  proper  formu¬ 
lations  of  these  preservatives  is  clean,  paint- 
able,  and  resistant  to  leaching. 

4.  Miscellaneous  preservatives  which  do  not 

fimction  primarily  to  protect  wood  against  de¬ 
cay,  insect  attack  or  fire,  but  impart  special 
qualities,  such  as  increased  hardness,  dimen¬ 
sional  stability,  and  resistance  to  acids  and 
abrasion.  • 

Purchasing  a  wood  preservative  is  like  pur¬ 
chasing  insurance,  in  that  preservative  treat¬ 
ment,  like  insurance,  is  not  needed  when  the 
structure  is  erected.  The  preservative  adds  no 
utility  to  the  structure  during  the  first  portion 
of  its  life.  Only  after  an  age  is  reached  at 
which  the  untreated  structure  would  be  exces¬ 
sively  costly  to  maintain,  becoming  prey  to  de¬ 
cay  and  insects,  does  preservative  treatment 
begin  to  show  its  value.  Unlike  some  insurance, 
from  which  benefits  may  never  be  recovered, 
preservative  treatment  invariably  "pays  off”  in 
lower  maintenance  costs  and  extended  service 
life  of  the  treated  wood. 

Just  as  the  prudent  man  will  not  buy  insur¬ 
ance  from  an  unknown  company,  he  should  not 
buy  wood  processed  by  an  unknown  method  or 
with  an  unknown  preservative  material.  The 
wood  preserving  industry,  through  the  Ameri¬ 
can  Wood-Preservers'  Association,  has  spent 
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considerable  effort  in  establishing  service  rec¬ 
ords  for  the  better  known,  conunercially  avail¬ 
able  wood  preservatives.  One  can  look  to  these 
records  to  decide  which  preservative  is  best  for 
various  applications. 

Creosote,  Creosote-Coal  Tar  Solutions,  and 
Creosote-Petroleum  Solutions 

High-temperature  coal  tar  creosote  has  been 
the  standard  of  the  preservative  oils  for  over 
100  years.  It  has  an  enviable  record  as  a  wood 
preservative  under  the  severest  service  condi¬ 
tions.  All  authentic  creosote-treated  woods 
have  given  excellent  service  when  treated  by 
standard  pressure  processes. 

Pressure-creosoted  wood  is  dark  brown  to 
black  in  color.  The  surface  of  the  wood  is 
slightly  oily  and  the  material  has  a  pronounced 
odor.  It  can  be  painted  only  by  the  use  of 
special  sealers.  Creosoted  wood  can  be  used 
out-of-doors,  subject  to  weather,  without  pro¬ 
tection  of  paint.  It  is  used  extensively  for 
poles,  piles,  ties,  bridges,  platforms,  substruc¬ 
tures  of  buildings,  etc. 

Creosote  and  creosote-coal  tar  solutions  are 
the  only  wood  preservatives  suitable  for  marine 
installations. 

Creosote  is  such  a  satisfactory  wood  pre¬ 
servative  that  it  can  be  diluted  for  certain  appli¬ 
cations.  For  cross  ties,  piles,  and  heavy  struc¬ 
tural  lumber  it  is  frequently  diluted  with  admix¬ 
tures  of  coal  tar,  the  mother  liquor  from  which 
creosote  is  produced. 

Creosote-coal  tar  solutions  are  generally  for¬ 
mulated  in  one  of  the  following  proportions 
by  volume:  80/20,  70/30,  60/40,  or  50/50. 
“I^e  majority  of  treatments  are  with  70/30 
mixtures.  These  solutions  may  be  substituted 
for  coal  tar  creosote  where  oilier  and  blacker 
surfaces  are  not  objectionable.  They  are  used 
extensively  for  cross  ties,  land  and  marine  piles, 
and  heavy  structural  timbers.  A  70/30  creosote- 
coal  tar  solution  frequently  gives  better  per¬ 
formance  against  Limnoria  (one  of  the  marine 
borers)  than  does  straight  distillate  creosote. 

Creosote-petroleum  solutions  are  used  by 
some  of  the:  larger  railroads,  particularly  in  the 
Southwest,  for  treating  cross  ties  and  other 
structural  members.  They  are  generally  used  in 
heavier  retentions  than  creosote-coal  tar  solu¬ 
tions.  Use  has  been  restricted  to" areas  where 


petroleum  has  a  considerable  price  advantage 
over  coal  tar. 

Waterborne  Inorganic  Salts 

Waterborne  salt  preservatives  are  used  where 
clean,  odorless,  and  paintable  wood  is  required. 
They  are  the  least  resistant  class  where  leach¬ 
ing  is  a  serious  factor,  but,  because  their  in¬ 
gredients  have  a  positive  affinity  for  wood,  they 
are  more  durable  than  might  be  expected,  con¬ 
sidering  their  original  water  solubility. 

Zinc  chloride  was  the  standard  waterborne 
salt  preservative  for  many  years.  It  built  up  a 
creditable  reputation,  even  in  such  extreme 
uses  as  railroad  ties. 

About  15  years  ago  the  permanence  of  zinc 
chloride  was  improved  by  the  addition  of 
sodium  dichromate,  and  more  recently,  by  the 
further  addition  of  copper  chloride.  'ITiese  pre¬ 
servatives  are  chromated  zinc  chloride  and 
copperized  chromated  zinc  chloride,  the  latter 
of  which  was  announced  at  the  annual  meeting 
of  the  American  Wood-Preservers'  Association 
in  April  1949.  For  decay  and  insect  protection, 
treating  solutions  are  formulated  to  impreg¬ 
nate  the  wood  with  1  pound  of  dry  salt  per 
cubic  foot  of  wood. 

Wolman  Salts  is  another  salt  preservative 
that  has  been  proved  by  many  years  of  good 
service  against  decay  and  insect  attack.  Wolman 
Salts  solutions  are  formulated  to  impregnate 
the  wood  with  0.5  pounds  per  cubic  foot  of 
wood. 

Other  promising  waterborne  salt  preserva¬ 
tives  are  being  used.  Some  are  proving  valu¬ 
able  iil^'specialized  uses,  but  are  not  commer¬ 
cially  available  in  all  parts  of  the  country  and 
have  not  had  time  to  establish  such  service 
records  as  chromated  zinc  chloride  and  Wolman 
Salts.  Among  these  are  Greensalt,  Celcure, 
Chemonite,  and  Boliden  Salts. 

Fire  Retardants 

Wood,  pressure  impregnated  with  water¬ 
borne  fire  retardant  salts  has  been  installed  in 
many  military  and  industrial  structures.  Severe 
fires  in  these  stractures  have  shown  such  wood, 
when  exposed  to  fire,  will  maintain  its  stmc- 
tural  strength  longer  than  unprotected  steel, 
will  not  contribute  fuel  to  a  fire,  and  will  not 
permit  the  spread  of  flame  over  its  surface.  In 
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these  fires,  where  treatment  records  are  known, 
the  fire  retardants  used  were  chromated  zinc 
chloride,  Minalith,  or  Protexol. 

To  provide  adequate  fire  retardance,  chro¬ 
mated  zinc  chloride  retentions  are  increased  to 
3  pounds  per  cubic  foot  of  wood,  by  increas¬ 
ing  the  concentration  of  the  treating  solution. 
The  pressure  cycle  is  not  lengthened,  so  the 
only  added  expense  is  the  additional  material 
used.  A  special  formulation,  Chromated  Zinc 
Chloride  (FR),  has  been  developed  to  improve 
the  protection  imparted  by  this  chemical.  In 
either  case,  extra  heavy  decay  and  insect  pre¬ 
servative  retentions  are  achieved. 

Protexol  and  Minalith  are  used  in  various 
retentions  up  to  6  pounds  of  salt  per  cubic 
foot  of  wood. 


Organic  Oil  Soluble  Preservatives 

These  are  relatively  new,  special  purpose 
formulations,  not  so  widely  used  as  the  first 
two  types.  In  general,  they  are  almost  insol¬ 


uble  in  water,  but  are  soluble  in  many  petro¬ 
leum  solvents.  The  toxic  portions  of  these 
preservative  solutions  provide  decay  and  insect 
protection  but  are  not  classed  as  fire  retardants. 
The  solvent  carriers  evaporate  from  the  wood 
soon  after  treatment  requiring  no  kiln  drying. 
The  relatively  non-volatile  toxics  are  left  in  the 
wood,  which  is  clean  and  paintable.  The  petro¬ 
leums  used  as  solvents  will  not  alter  dimen¬ 
sions  or  raise  the  grain  of  wood. 

Copper  naphthenate  came  into  prominence 
in  the  wood  preserving  industry  during  World 
War  II  and  was  used  as  a  toxic  agent  to  fortify 
petroleums  used  in  admixtures  with  creosote. 
If  specially  formulated,  copper  naphthenate  has 
been  found  safe  for  greenhouse  and  agricul¬ 
tural  applications  where  other  preservatives  ure 
either  harmful  to  the  plants  or  not  durable 
enough. 

Pentachlorophenol  preservatives  were  first 
used  in  the  sash,  door  and  millwork  industries 
to  prevent  stains  and  molds  and  give  some  de- 
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Modem  wood  preserving  plant  and  yard. 
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cay  protection  where  conditions  are  not  severe. 
They  are  applied  by  dipping.  When  applied  by 
pressure,  pentachlorophenol  fills  a  need  for  a 
clean-treatment  preservative  where  leaching  re¬ 
sistance  is  important.  Its  qualities  vary  with 
the  petroleum  used  as  a  carrier,  from  dark  and 
oily,  as  creosote,  to  a  clean,  paintable  wood. 
This  latter  quality  is  the  only  one  with  mate¬ 
rial  advantages  over  established  preservatives 
in  the  pressure  wood  treating  industry. 

Miscellaneous  Preservatives 

These  materials  were  developed  primarily 
for  specialty  uses  and  incorporate  the  use  of 
water  soluble  organic  resins.  Solutions  of  these 
resins  are  injected  into  wood  by  means  of  pres¬ 
sure.  The  wood  is  kiln  dried,  and  then  sub¬ 
jected  to  temperatures  ranging  between  200®  F. 
and  210°  F.  during  which  time  the  resin  is 
cured.  This  treatment  increases  the  density, 
dimensional  stability,  hardness,  and  abrasion 
resistance  of  wood. 

Specifications 

To  insure  satisfactory  service  from  preserva¬ 
tive  treatments,  wood  should  be  purchased 
under  standard  specifications.  Among  the  best 
known  of  these  are  the  specifications  of  the 
Federal  Government  and  the  American  Wood- 
Preservers’  Association.  These  covet  the  pur¬ 
chase  and  preparation  of  the  wood,  the  treating 
processes  and  preservative  materials  for  most 
purposes.  They  are  revised  constantly  to  in¬ 
clude  the  latest  and  best  in  practice  and  mate¬ 
rials.  For  specialized  uses,  associations  such  as 
the  American  Railroad  Engineering  Association 


and  the  American  Association  of  State  High¬ 
way  Officials  write  excellent  specifications  per¬ 
tinent  to  their  own  fields.  A  list  of  some  of  the 
preservative  specifications  is  given  in  Table  1. 

It  may  be  noted  that  there  is  more  than  one 
specification  for  most  of  the  preservatives.  In 
most  cases,  specifications  for  each  preservative 
are  identical,  indicating  that  the  various  associa¬ 
tions  which  formulate  them  are  in  agreemen' 
on  the  qualities  necessary  for  the  preservative 

T^le  2  lists  some  of  the  applications  whert 
pressure  treatment  is  valuable,  with  the  pre 
servatives  and  retentions  recommended  fo' 
each. 

Conclusions 

Creosote  and  creosote-coal  tar  solutions  arc 
the  oldest  standard  preservatives.  Over  10(> 
years  of  use  has  proved  them  best  for  sucl' 
extreme  exposure  conditions  as  weathering, 
ground  contact,  or  miming  water.  They  are  the 
only  preservatives  suitable  for  marine  installa¬ 
tions. 

Waterborne  salt  preservatives  are  recom¬ 
mended  for  wood  required  to  be  clean,  odor¬ 
less,  and  paintable,  where  leaching  is  not  a 
serious  factor. 

Oilbome  organic  wood  preservatives,  in¬ 
cluding  copper  naphthenate  and  pentachloro¬ 
phenol,  are  desirable  for  use  where  leaching  is 
a  factor,  but  clean,  paintable  wood  is  desired. 
Odor  from  such  treatment  is  slight,  but  not 
objectionable  in  most  uses.  These  preserva¬ 
tives  must  be  properly  formulated  with  carriers 
that  will  leave  the  wood  with  the  desired  sur¬ 
face  characteristics. 


Table  1. — Preservative  SPEaFicAxiONS 


PraMnratlT* 


American 

Wood- 

Preaerven’ 

AModation 


AaMciation  Spedlieation 


Federal 


American 

Railway 

Engineering 

Aaaodation 


American 
Society  lor 
Teatmg 
Materida 


American 
Aaaociation 
ol  State 


Creoaota _ 

Creoaote-Coal  Tar  Solutiona _ 

Creoaote-Petrolanm  Solutions _ 

Chromated  Zinc  Chloride _ 

Wolman  Salts  Tanalith _ 

Pentachloronbenol  Preaervatires... 
Copper  Naphthenate  Preaenrativea. 
Fire  Retardant  Chemicals _ 


PI 

P2 

P8,  P4 
P6 
PS 
PS 
PS 


TT-W-SSSa 

TT-W-6S6a 

TT-W.«S 

TT-W-661 

TT-W-678 

TT-W-670 


Committee  17 
Committee  17 
Committee  17 


Navy  61-C-SS 


D890 

D891 


M18S-42 

MlSS-42 

MlSS-42 

miss-42 

M18S-42 
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Industrial  building,  showing  use  of  fire  retardant  timber  in  trusses,  purlins,  and  roof  planking. 


Discussion  Walter  Buehler  (University  of  Florida):  I 

]obn  H.  Sweeney  (Aetna  Plywood  &  Veneer  attention  to  the  fact  that  we  can 

Company):  As  a  plywood  selling  organiza-  retention  of  preservatives  and 

tion,  we  are  interested  in  fireproofing  plywood  retardant  salts  according  to  the  use  to  which 

to  meet  building  code  requirements  for  interior  treated  wood  is  applied.  In  many  applica- 

partition.  Low*  cost  is  important  if  we  are  to  the  depth  of  penetration  is  more  impor- 

compete  with  plaster.  What  is  the  answer?  than  the  retention  and  that  is  a  point 

Mr.  Bescher:  Most  of  the  present  day  build-  "“^7  overlook.  I  believe  Aat 

ing  codes  do  not  distinguish  between  fire  re-  your  tables  of  reconuMnded  retention  might 
tardant  and  untreated  wood.  Building  codes  scrutinized  and  modified  in  part, 

which  exclude  wood  as  {Partition  material  like-  Mr.  Bescher:  I  agree  with  Mr.  Buehler  that 
wise  exclude  fire  retardant  treated  wood.  This  penetration  is  equally  as  important  as  the  speci- 
is  primarily  due  to  the  lack  of  knowledge  of  fied  retention  and  that  it  had  been  assumed 

the  value  of  fire  retardant  treated  wood  by  the  that  in  the  use  of  the  table  that  good  commer- 

writers  of  codes.  dal  treating  practice  would  be  followed.  (A 

There  is  also  another  problem  in  connection  footnote  has  been  added  to  the  table  to  indi- 

with  plywood,  and  that  is  that  the  plywood  cate  that  the  wood  is  to  be  processed  in  accord- 
sheets  must  be  glued  before  they  are  treated,  ance  with  the  A.W.P.A.  standards,  which  as¬ 
pire  retardant  salts,  in  general,  interfere  with  sures  good  distribution  of  the  specified  pre- 
the  gluing  of  veneers.  servative.) 
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H.  W.  Angell  (American  Lumber  &  Treat¬ 
ing  Company) :  I  want  to  confirm  Mr.  Besch- 
er’s  remark  that  the  user  should  rely  upon  the 
standard  preservative  and  treating  specifica¬ 
tions  of  the  American  Wood  Preservers’  Asso¬ 
ciation. 

Ira  Hatfield  (Monsanto  Chemical  Com¬ 
pany)  :  In  speaking  of  the  use  of  pentachloro- 
phenol  in  oil  for  the  pressure  treatment  of 
wood,  the  statement  is  made  that  if  certain 
petroleum  oils  are  used  as  carriers,  clean,  paint- 
able  wood  can  be  obtained  and  that  their 
qualities  are  the  only  material  advantages  over 
established  preservatives.  I  believe  that  there 
are  several  other  advantages.  Pentachlorophenol 
furnishes  a  definite  and  measurable  quantity  of 
preservative  value:  the  percent  of  toxic  chem¬ 
ical  in  wood  can  be  measured.  Furthermore, 
there  are  research  records  to  back  up  the  belief 
that  pentachlorophenol  when  used  with  coal- 
tar  creosote  will  act  as  a  synergist  and  actually 


increase  the  preservative  value  of  either  prod¬ 
uct  used  separately. 

Another  characteristic  of  pentachlorophenol 
in  oil  solutions  not  exhibited  by  coal-tar  creo¬ 
sote  is  the  tendency  for  the  toxic  principle  to 
distribute  itself  in  the  wood  after  the  treating 
process  has  been  completed.  This  is  of  espe¬ 
cial  interest  in  such  woods  as  Douglas  fir,  which 
does  not  take  treatment  easily. 

Mr.  Bescher:  I  do  not  wish  to  get  into  a 
long  discussion  of  the  points  you  raise,  but  it 
is  my  belief  that  not  every  technologist  agrees 
on  all  of  them.  In  my  opinion,  pentachloro¬ 
phenol  is  an  excellent  preservative  when  prop¬ 
erly  used,  but  there  is  much  about  the  limita¬ 
tions  of  its  use  that  we  have  yet  to  learn.  Our 
company  is  promoting  and  selling  pentachloro¬ 
phenol  for  those  applications  to  which  it  is 
peculiarly  suited,  but  I  want  to  repeat  that  not 
everyone  in  the  wood  preserving  industry  will 
agree  with  Mr.  Hatfield  concerning  the  several 
claims  for  superiority  of  pentachlorophenol. 
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Wood  Boring  Beetles  That  Damage  Furniture 
and  Interior  Woodwork 

Ira  Hatfield 

Consultant,  Wood  Preservation,  Monsanto  Chemical  Co.,  St.  Louis,  Mo. 

Suppliers  of  wood  products  as  well  as  the  general  public  know  that  certain  insects  attack  wood,  but 
neither  group  it  sufficiently  acquainted  with  the  insects  or  with  control  methods.  This  paper  describes  some 
of  the  common  beetles,  as  well  as  the  damage  they  do  to  wood.  It  also  tells  what  measures  can  be  uken  to 
prevent  their  damage  and  gives  specific  control  measures.  Examples  of  the  types  of  insects  involved  are 
enumerated  in  order  to  make  possible  linking  entomological  information  with  control  information  given  in 
the  paper.  A  bibliography  is  appemled. 


Introduction 

NLESS  proper  precautions  are  taken, 
furniture  and  wood  used  in  the  con¬ 
struction  of  dwellings  and  other  build¬ 
ings  are  subject  to  the  attack  of  several  insect 
enemies.  Important  among  these  insects. are 
subterranean  termites  (often  improperly  called 
"white  ants”),  dry  wood  termites,  and  various 
families  of  beetles  belonging  to  the  order 
Coleoptera. 

This  paper  makes  no  attempt  to  cover  the 
two  types  of  termites,  but  is  limited  to  the  de¬ 
scription  and  discussion  of  control  measures 
for  some  of  the  more  important  wood  boring 
beetles.  Although  some  of  the  insects  described 
are  primarily  forest  insects,  the  larvae  may  con¬ 
tinue  to  live  in  the  wood  after  seasoning,  and 
may  therefore  be  important  in  construction 
wood  as  well  as  in  furniture. 

Although  there  is  no  accurate  way  to  obtain 
figures  on  the  actual  dollar  damage  caused  by 
wood  boring  beetles  each  year,  it  is  well  known 
that  they  cause  many  millions  of  dollars  worth 
of  damage  each  year  to  the  wood  in  houses, 
furniture,  implements,  sporting  goods  and 
other  wood  items.  It  is  also  well  known  that 
the  manufacturers  of  these  products  as  well 
as  the  general  public  are  usually  inadequately 
acquainted  with  either  the  insects  that  cause 
the  damage  or  the  methods  of  preventing  or 
of  stopping  the  damage.  Unfortuiutely,  the 
presence  of  powder  post  and  other  beetles  in 
wood  is  generally  not  discovered  until  the  dam¬ 
age  has  advanced  to  a  serious  degree.  It  means 
little  to  discuss  preventive  measures  then — the 
money  will  have  to  be  spent  on  control  meas¬ 
ures  and  repairs,  and  that  price  will  be  high 
compared  to  what  prevention  would  have  cost. 


Not  that  preventive  measures  are  not  essential 
to  continued  control,  but  preventive  measures 
will  not  solve  the  problem  of  wood  already 
infested.  ^ 

In  order  to  know  how  to  prevent  damage  by 
or  how  to  control  intelligently  the  beetles  dis¬ 
cussed  in  this  paper,  it  is  necessary  to  be 
familiar  with  their  habits  and  with  the  type  of 
damage  they  cause.  Methods  of  preventing 
attack  as  well  as  methods  of  controlling  these 
insects  will  be  discussed. 

Lyctus  or  True  Powder  Post  Beetles 

These  beetles  are  the  ones  most  often 
brought  into  homes  in  hardwood  flooring  and 
in  furniture,  especially  the  rustic  furniture  pur¬ 
chased  along  the  roadside.  Often  the  wood 
shows  no  evidence  of  insect  damage,  and,  for 
that  reason,  the  householder  is  unaware  of  the 
infestation  until  little  mounds  of  frass  (often 
referred  to  as  "little  piles  of  powder  or  saw¬ 
dust”)  begin  to  appear  on  the  rough  surfaces 
of  boards,  on  the  floors  in  houses  or  in  bureau 
or  buffet  drawers  or  other  places  (Fig.  1). 

How  did  the  wood  become  infested  and 
what  is  the  damage  like?  The  adult  Lyctus 
beetles,  which  range  in  color  from  reddish- 
brown  to  black  and  in  size  from  about  3/32  to 
7/32  inch  in  length  (Fig.  2),  are  often  present 
in  sawmill  and  lumber  yards  and  around  fur¬ 
niture  factories.  The  female  beetles  seek  out 
the  open-pored  seasoned  wood  and  d^>osit  their 
eggs  in  the  pores  by  forcing  the  eggs  into 
the  pores.  This  is  important  to  remember,  for 
it  indicates  why  woods  with  certain  pore  sizes, 
such  as  ash,  oak,  hickory  and  walnut,  are 
attadced,  and  it  also  gives  a  clue  as  to  how  to 
prevent  Lyctus  damage.  Lyctus  eggs  are  not 
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Fig.  1. — Frass  on  surface  of  wood — a  visual  sign  of  powder  post  beetle  activity. 


visible  to  the  naked  eye,  and  so  the  initial 
attadc  goes  unnoticed.  In  6  to  13  days  after  the 
eggs  are  laid  in  the  wood  pores  they  hatch  and 
the  young  larvae  (grubs  or  worms)  which 
emerge  begin  eating  their  way  into  the  wood 
away  from  the  wood  surface.  Their  presence 
also  goes  unnoticed. 

These  larvae  are  white  in  color  except  for 
the  dark  brown  head  and  mouth  parts,  and 


Courtesy  USDA  Bur.  EnL  &  PI.  Q. 

Fig.  2. — Photograph  of  adult  Lyctus 
plamcollis  Lee.  beetle.  (Enlarged  about  16 
times) 


when  full  grown  they  are  about  1/32  inch 
long  (Fig.  3a  and  3b).  The  front  (anterior) 
end  of  the  larva  is  relatively  larger  than  the 
rear  (posterior)  portion,  and  the  last  pair  of 
breathing  pores  (spiracles)  at  the  posterior  end 
of  the  body  are  much  larger  than  the  other 
spiracles.  The  size  of  the  last  pair  of  spiracles, 
distinguishes  the  Lyctus  larvae  from  the  larvae 
of  other  wood-boring  insects.  The  larvae  have 
three  pairs  of  four-jointed  minute  legs  on  the 
anterior  portion  of  their  bodies. 

The  length  of  time  the  larvae  remain  in  the 
wood  as  larvae  depends  upon  the  specie  of 
Lyctus  beetle  as  well  as  on  the  abundance  of 
starch  in  the  wood  available  for  food.  Wood 
having  a  high  starch  content  is  ideal  for  rapid 
development  of  the  larvae,  and  under  these 
conditions  some  species  can  completely  mature 
in  3  months  while  others  require  9  months  or 
longer.  During  all  of  this  time,  these  busy 
little  larvae  are  actively  burrowing  in  the  wood 
in  order  to  obtain  more  of  the  starch  for  food. 
As  the  wood  substance  passes  through  die 
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Journal  of  Agricultural  Research,  Courtesy  USDA,  Bur.  Ent.  &  PI.  Q. 

Vol.  VI,  No.  7. 

Fig.  3. — a.  Drawing  of  Lyctus  larva  showing  enlarged  eighth  spiracle.  (Approximately  20  times  natural  size.) 
t  b.  Photograph  of  Lyctus  larva.  (Approximately  20  times  natural  size.) 


Courtesy  Forest  Products  laboratory. 

Fig.  4. — Side  and  end  grain  of  black  walnut  wcod  showing  typical  Lyctus  damage  to  sapwood. 
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Fig.  5. — Piece  of  wood  split  to  show  complete  de¬ 
struction  of  interior  portion  by  Lyctus  larvae,  three 
of  which  can  be  seen  in  the  photograph. 


larva’s  body,  the  starch  is  extracted,  and  the  re¬ 
maining  wood  substance  is  ejected  from  the 
larva  and  completely  fills  the  galleries  behind 
the  larva.  Once  the  larva  becomes  full  grown,  it 
usually  bores  to  within  ^  inch  of  the  wood  sur¬ 
face,  and  there  makes  a  small  chamber  where  it 
changes  from  the  larval  (worm)  stage  to  the 
adult  (beetle)  stage.  When  that  change  takes 
•place  is  usually  when  the  telephone  starts  to 
ring  or  the  letters  start  to  come  in,  for  the 
adult  beetle  bores  to  the  surface  of  the  wood 
and  pushes  the  mounds  of  frass  out  onto  the 
floor,  and  it  is  then  that  an  awareness  of  the 
presence  of  the  beetles  occurs.  'The  only  wood 
eating  done  by  the  adult  is  the  eating  of  its 
way  out  of  the  wood;  all  other  wood  damage 
is  produced  by  the  larvae.  When  the  adults 
emerge,  they  fly  around,  mate,  and  the  female 
beetles  lay  eggs  in  wood  cracks  or  crevices  or 
in  the  old  emergence  holes  and  the  cycle  starts 


over  again.  Typical  damage  to  wood  in  which 
Lyctus  larvae  and  adults  have  been  active  is 
illustrated  in  Fig.  4.  Although  the  appearance 
of  infested  wood  depends  upon  the  age  and 
intensity  of  infestation  and  upon  the  species 
of  beetles  involved,  the  interior  of  the  wood 
always  shows  the  presence  of  the  frass-filled 
galleries  and  the  outside  is  likely  to  show  the 
exit  holes. 

.  In  the  early  stages  of  attack  the  action  of  the 
larvae  takes  place  almost  exclusively  along  th( 
grain  of  the  wood  and  primarily  in  the  spring 
wood,  but  as  the  attack  continues  the  tunnel.'^ 
or  galleries  run  in  any  and  all  directions,  and 
ultimately  the  entire  sapwood  can  be  reduced  tc 
a  powder  (Fig.  5).  The  exit  holes  made  by  the 
adult  beetles  range  in  size  from  about  1/32  tc 
1/16  inch  in  diameter.  They  are  round  except 
in  those  cases  where  the  wood  is  cut  after 
emergence  of  the  beetles,  and  then  the  holes 
may  be  elongated  or  other  shapes. 

Infested  timber,  furniture,  or  other  wood  is 
usually  detected  by  the  presence  of  small  piles 
of  frass  on  the  wood  surfaces  or  on -the  floor 
surfaces  or  beneath  wood  areas  infested  by  the 
beetles.  In  log  cabins  the  frass  may  outline  on 
the  floor  the  pattern  of  the  frameworic  overhead. 
The  frass  usually  appears  during  the  period  of 
greatest  activity  of  the  larvae  in  the  wood.  At 
those  times  the  frass  is  pushed  out  of  the  exit 
holes  or  out  of  small  holes  where  the  larvae 
have  eaten  completely  to  the  surface  of  the 
wood.  The  frass  also  appears  when  the  adult 
beetles  emerge  from  the  wood. 

Lyctus  larvae  have  not  been  found  either  in 
poorly  seasoned  wood  (moisture  content  over 
40  percent,  oven  dry  basis),  or  in  wood  dried 
below  8  percent  moisture.  Furthermore,  they  do 
not  tend  to  attack  old  wood  as  do  the  Anobiid 
beetles.  So  far -as  finished  wood  products  are 
concerned,  they  are  most  often  found  in  such 
places  as  newly  laid  hardwood  floors,  in  stored 
merchandise,  such  as  in  tool  handles,  sporting 
goods  (tennis  racquets,  golf  clubs,  canoe 
paddles),  gun  stock  blanks,  wagon  wheels, 
bamboo  or  similar  products,  and  in  furniture 
made  from  infested  wood  stock. 

It  should  be  emphasized  that  unless  wood  is 
chemically  treated  with  proper  chemicals,  the 
larvae  may  work  in  the  wood  for  long  periods 
of  time  if  the  starch  content  of  the  wood  is  low. 
It  should  also  be  borne  in  mind  that  as  the 
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adult  beetles  leave  the  wood,  they  can  bore 
through  varnish,  paint  or  other  coatings,  and 
through  fabrics  and  various  floor  coverings. 

Control  of  Lyctus  Beetles 

To  tell  a  potential  home  owner  to  select  a 
house  with  hardwood  floors  with  a  low  starch 
content  or  to  select  furniture  made  from  wood 
with  a  low  starch  content  would  be  absurd. 
Likewise,  to  tell  a  furniture  manufacturer  or 
flooring  company  to  use  only  certain  species  of 
wood  or  those  cut  at  only  a  prescribed  season 
of  the  year  would  be  impracticable.  The  old 
recommendation  of  sorting  out  infested  stock 
and  burning  it  is  also  impractical,  except  in 
those  cases  where  the  wood  is  damaged  beyond 
use.  It  is  true  that  infested  wood  should  be 
removed  and  treated  or  burned  to  prevent  fur¬ 
ther  infestation,  but  not  all  infested  wood 
needs  to  be  burned. 

What  then  can  be  done  to  help  protect  all 
concerned  from  the  ravages  of  these  beetles? 
The  answer  will  have  to  be  two-fold:  in  some 
cases  preventive  measures  can  be  taken,  in 
others  only  remedial  measures  will  suffice.  In 
far  too  few  cases  has  the  item  of  prevention  of 
beetle  attack  been  taken  into  consideration.  In 
any  storage  area,  every  effort  should  be  made 
to  remove  infested  lumber.  Once  the  infesta¬ 
tion  is  eliminated,  the  lumber  should  be  stacked 
in  such  a  way  that  the  oldest  material  is  always 
used  or  removed  first.  No  untreated  susceptible 
lumber  should  remain  static  for  long  periods  of 
time.  This  is  not  the  only  important  sanita¬ 
tion  measure  to  be  watched.  Scrap  wood  and 
trimmings  around  the  yard  or  wood  working 
plant  should  be  removed  or  burned. 

Storage  conditions  and  sanitation  are  not  the 
only  places  where  preventive  measures  can  be 
practiced.  In  the  United  States,  practically  no 
attention  has  been  given  to  the  preservative 
treatment  of  furniture,  flooring  and  other  sus¬ 
ceptible  wood  for  the  express  purpose  of  pre¬ 
venting  insect  infestation,  and  still  less  atten¬ 
tion  has  been  given  to  the  treatment  of  lumber 
in  the  unseasoned  stage.  Although  certain 
water  soluble  chemicals,  such  as  borax,  and  cer¬ 
tain  suspensions  of  materials,  such  as  colloidal 
sulfur,  have  been  demonstrated  to  be  effective 
against  Lyctus  beetles,  their  use  has  not  been 
common  in  the  United  States.  It  is  understand¬ 
able  why  water-borne  materials  have  not  been 


popular  for  the  treatment  of  seasoned  wood,  for 
su^  treatments  require  the  additional  expense 
of  redrying  the  lumber.  For  the  application  of 
either  of  the  above  two  mentioned  chemicals  to 
green  lumber,  it  has  been  customary  to  obtain 
the  surface  protection  by  dipping  the  lumber 
for  at  least  15  seconds  in  a  hot  (180®  F.)  5 
percent  solution  of  borax,  or  for  a  similar 
period  in  a  190®  F.,  2  percent  suspension  of 
micro-fine  sulfur. 

It  is  known  that  filling  pores  of  susceptible 
but  uninfested  species  of  wood  with  varnish, 
paint  or  wax  helps  prevent  the  adult  beetles 
from  laying  their  eggs  in  the  wood  pores.  It  is 
also  known  that  certain  chemicals  applied  to 
the  wood  after  cutting,  framing,  planing,  or 
otherwise  preparing  the  wood  for  use,  will  pro¬ 
tect  that  wood  against  Lyctus  beetles. 

Turpentine  or  mixtures  of  turpentine  and 
kerosene  (usually  in  the  ratio  of  9  to  1)  have 
long  been  used  by  furniture  manufacturers.  So 
far  as  the  writer  can  find,  there  are  no  pub¬ 
lished  records  on  how  long  these  materials  will 
’actually  afford  protection. 

A  very  penetrating  and  effective  chemical  for 
killing  all  stages  of  Lyctus  beetles  in  infested 
wood  is  orthodichlorobenzene.  The  material 
can  be  used  straight  or  in  a  50-50  mixture 
with  a  light  petroleum  oil.  Such  solutions  can 
be  applied  to  wood  before  fabrication,  or  to 
finished  wood  items  to  which  fabrics  or  other 
materials  have  not  been  attached.  If  these  ii^te- 
rials  are  applied  over  finished  surfaces,  the 
finish  is  likely  to  be  damaged,  but  the  wood 
can  later  be  refinished  as  the  materials  vola¬ 
tilize  from  the  wood.  Although  these  materiab 
kill  the  various  stages  of  the  Lyctus  beetle, 
they  do  not  impart  a  lasting  protection. 

In  recent  years  it  has  been  demonstrated  that 
oil  formulations  containing  2  percent  to  5  per¬ 
cent  of  pentachlorophenol  will  not  only  kill 
Lyctus  beetles,  larvae,  and  eggs,  but  that  they 
render  the  wood  immune  from  their  ravages 
for  prolonged  periods  of  time.  Such  a  treat¬ 
ment  also  imparts  protection  against  certain 
other  insects,  and  when  water  repellents  are 
added  to  the  solution,  some  degree  of  dimen¬ 
sional  stability  is  also  obtained. 

Seasoned  lumber,  furniture  squares,  imple¬ 
ment  handles,  and  other  wood  products,  when 
dipped  in  a  5  percent  solution  of  pentachloro¬ 
phenol  in  a  suitable  solvent  for  as  little  as  one 
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aunute,  will  receive  a  good  surface  treatment. 
Where  the  stock  is  heavily  infested  and  where 
depth  of  penetration  is  desired,  seasoned  stock 
up  to  4  inches  thick  should  be  submerged  in  a 
5  percent  solution  of  pentachlorophenol  in  a 
light  oil  for  at  least  3  minutes.  Larger  stock 
will  require  longer  immersion  periods.  Infested 
furniture  which  is  not  upholstered  can  also  be 
given  a  spray  treatment  with  a  5  percent  solu¬ 
tion  of  pditachlorophenol  in  oil.  Remarks  rela¬ 
tive  to  ^e  safe  handling  of  chemicals  will  fol¬ 
low  the  general  discussion  of  the  beetles. 

To  date,  the  most  practical  method  of  treat¬ 
ing  powder  post  beetle-infested  hardwood 
floors  is  to  apply  an  oil  solution  of  pentachlor¬ 
ophenol  to  the  floor  by  means  of  a  spray.  In 
some  cases,  15  percent  by  volume  of  trichloro¬ 
benzene  has  been  added  to  a  5  percent  solu¬ 
tion  of  pentachlorophenol  in  petroleum  oil  and 
with  good  results.  Brushing  tends  to  "roll”  the 
varnish  and  should  not  be  used.  Mopping  is 
likewise  not  recommended.  If  the  spray  solu¬ 
tion  is  applied  by  means  of  a  spray  imder  low 
pressure  (not  over  40  pounds  pressure)  and* 
with  the  nozzle  about  3  inches  from  the  surface 
of  the  wood,  generally  good  results  have  been 
obtained.  The  spray  solution  should  never  be 
"fogged”  into  the  room.  Application  should  be 
made  from  one  corner  or  side  of  the  room  and 
in  such  a  manner  that  the  operator  does  not 
have  to  walk  on  treated  areas.  Likewise,  the 
occupants  of  the  house  should  not  use  the  room 
until  the  solvents  have  volatilized  and  the  floor 
is  again  "dry.”  Applications  should  be  thor¬ 
ough,  but  not  so  heavy  that  the  solution  runs 
between  the  boards  or  "lakes”  or  "puddles”  on 
the  floor. 

There  are  many  kinds  of  floor  finishes  and 
each  may  react  differently  to  oil  solutions.  It  is 
therefore  always  desirable  to  apply  a  small 
amouirt  of  spray  solution  in  an  inconspicuous 
place,  such  as  an  area  covered  by  a  rug,  and 
observe  the  effects  before  the  total  surface  is 
treated. 

Thus  far  we  have  discussed  only  chemical 
methods  of  controlling  Lyctus  beetles.  Infested 
lumber,  furniture  or  other  items  could  be  given 
a  heat  treatment.  Although  kiln  drying  can 
generally  be  practiced  only  by  sawmills  or 
wood-working  plants,  heat  chandlers  have  been 
used  by  Pest  ^ntrdl  Operators  and  others  to 
kill  Lyctus  infestations.  When  heat  chambers 


are  used,  there  is  always  the  possibility  of  dam¬ 
age  due  to  the  loosening  of  joints,  warping  of 
wood,  or  the  ruining  of  fabrics  or  finishes. 
Where  heat  is  employed,  it  is  necessary  to  give 
consideration  to  the  temperature  used,  the 
humidity  in  the  chamber,  the  thickness  and 
kind  of  wood,  and  the  particular  item  being 
given  the  heat  treatment.  The  thickness  of  the 
wood  has  a  direct  relationship  to  the  heating 
period  required,  for  there  is  a  lag  between  the 
heating-chamber  temperatures  and  the  tempera¬ 
tures  attained  in  the  interior  of  the  wood.  Re¬ 
marks  relative  to  heat  treatments  as  well  as  the 
use  of  fumigants  will  be  found  near  the  close 
of  the  article  under  the  heading,  "General  Re¬ 
marks  Relative  to  Preventive  and  Control 
Measures.” 

Bostrichids — False  or  Large  Powder 
Post  Beetles 

These  beetles  (also  known  by  the  common 
names  of  branch  or  limb  borers) ,  in  direct  con¬ 
trast  to  Lyctus  beetles,  are  much  larger,  rang¬ 
ing  from  inch  to  one  inch  in  length,  com¬ 
pared  to  1/6  inch  or  less  for  the  Lyctids. 
Although  there  is  some  variation  in  color  de¬ 
pending  upon  the  species  involved,  these 
beetles  are  generally  dark  brown  to  black  in 
color.  The  adult  Bostrichids  are  easy  to  differ¬ 
entiate  from  the  Lyctids  because  their  body  is 
cylindrical  rather  than  flat  and  the  thorax  (the 
middle  one  of  the  three  body  segments)  ex¬ 
tends  out  over  the  head,  making  the  body 
appear  to  have  only  two  body  segments 
(Fig.  6). 

The  eggs  of  Bostrichid  beetles  are  not  laid 
in  the  surface  pores  of  wood  as  is  the  case  in 
the  Lyctus  beetles,  nor  are  the  eggs  laid  in  sur- 


Courtesy  USDA,  Bur.  Ent.  &  PI.  Q. 

Fig.  6. — Photograph  of  the  Bostrichid 
beetle  Xjlobiops  basilaris  Say. — the  red- 
shoulder^  shot-hole  borer.  (About  10 
times  natural  size.) 


240 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


face  cracks  or  crevices  as  in  the  case  of  the  Ano- 
biid  beetles,  which  will  be  discussed  later.  In  the 
case  of  Bostrichid  beetles,  the  adult  beetles  bore 
into  the  wood  and  the  female  lays  eggs  in  egg 
tunnels  prepared  by  adult  beetles  or  in  pores 
leading  from  the  egg  tunnels.  The  larvae,  which 
hatch  from  the  eggs,  are  also  capable  of  pro¬ 
ducing  tunnels  in  the  wood.  Since  both  the 
adult  beetles  and  the  larvae  bore  into  the  wood, 
the  galleries  formed  vary  in  size  and  shape. 
The  tunnels  prepared  by  the  adult  beetles  tend 
to  follow  the  soft  springwood  areas  in  the 
longitudinal  direction  of  the  wood.  The  egg 
tunnels  are  usually  at  right  angles  to  the  main 
tunnel  system.  These  tunnels  are  kept  free 
from  frass.  In  contrast,  irregular  longitudinal 
burrows  made  by  the  larvae  are  filled  with 
frass,  which  varies  from  a  very  fine  to  coarse 
texture  and  tends  to  stick  together  rather  than 
fall  apart  or  powder  as  does  the  frass  of  the 
Lyctus  beetles. 

The  larvae  of  Bostrichids  are  found  pri¬ 
marily  in  the  sapwood  of  hardwood  species, 
although  the  sapwood  of  softwoods  is  not 
immune  to  the  attack  of  certain  species  of  Bos¬ 
trichids.  In  general,  the  larvae  tend  to  move 
only  in  a  longitudinal  direction  in  the  wood, 
eating  their  way  in  the  sapwood.  The  full 
grown  larvae  are  curved  and  wrinkled,  are  yel¬ 
lowish  to  white  in  color,  and  lack  "hairs”  or 
spinules  (asperites)  on  the  upper  surface'  of 
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Fig.  7. — Larvae  pf  the  Bostrichid  beetle 
Xylobiops  basilaris  Say.  (Enlarged  9 
times.) 


their  bodies.  The  spiracles  are  all  about  the 
same  size,  the  last  or  posterior  pair  not  being 
larger  than  the  others  (Fig.  7).  They  have 
three  pairs  of  five-jointed  legs. 

The  larvae  depend  upon  starch  for  their  de¬ 
velopment,  and  ^e  length  of  their  existence  as 
larvae  is  therefore  dependent  upon  the  quantity 
of  starch  present  in  the  wood.  When  full 
grown  the  larvae  pupate  (undergo  a  transfor¬ 
mation  from  a  larva  to  an  adult  form),  and 
when  the  transformation  is  complete,  the  adult 
beetles  bore  to  the  surface  of  the  wood  and 
emerge. 

The  holes  formed  in  the  wood  by  the  adult 
beetles  are  circular  in  shape  and  vary  from  Yg 
to  %  inch  in  diameter.  Wood  that  lias  been 
infested  by  Bostrichid  bettles  before  cutting, 
however,  may  show  elongated  holes  due  to  the 
fact  that  the  wood  is  not  always  cut  at  right 
angles  to  the  direction  of  the  galleries. 

Control  of  Bostrichid  Beetles 

Since  the  Bostrichid  beetles  do  not  depend 
upon  the  pores  of  wood  to  start  their  infesta¬ 
tion,  it  will  be  immediately  recognizable  that 
the  preventive  measures  used  against  Lyctus 
beetles  will  not  work  for  the  Bostrichid  beetles. 
Closing  the  wood  pores  prevents  Lyctus  attack, 
but  actual  poisoning  of  the  wood  is  necessary 
if  Bostrichids  are  to  be  kept  out  of  wood.  The 
most  useful  chemical  found  to  date  for  this 
purpose  is  pentachlorophenol  applied  in  a  suit¬ 
able  petroleum  oil  carrier.  This  material  is  toxic 
to  both  adults  and  larvae  and  will  give  a  last¬ 
ing  protection  to  wood  properly  treated  with  it. 
The  notes  given  under  control  of  Lyctus  beetles 
on  application  of  such  chemicals  to  wood  prod¬ 
ucts  apply  in  this  case  as  well,  and  will  there¬ 
fore  not  be  repeated. 

Anobiid  Beetles  or  Furniture  and 
*  Death-Watch  Beetles 

The  adult  Anobiid  beetles  usually  appear  in 
the  warm  summer  months,  although  they  can 
appear  any  time  that  the  temperature  and  mois¬ 
ture  conditions  are  favorable.  Because  they  are 
about  the  same  size  and  color  as  many  other 
beetles  that  do  not  attack  wood,  their  presence 
is  often  ignored.  The  adult  furniture  beetles 
vary  in  size  according  to  species,  ranging  from 
1/10  to  1/5  inch  in  len^.  In  general,  they 
are  reddish-  to  blackish-brown  in  color.  The 
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Death-Watch  beetles  are  somewhat  larger, 
averaging  ^  to  inch  in  length  and  are 
brown  to  dark  brown  in  color. 

The  eggs  of  Anobiid  beetles  are  laid  in 
cracks  or  crevices  or  in  old  emergence  galleries, 
preferably  in  old  wood.  As  mentioned  for  the 
Lyctus  beetles,  this  suggests  a  method  of  con¬ 
trol,  for  since  the  Anobiid  beetles  require 
rough  surfaces  in  which  to  lay  their  eggs,  it 
has  been  found  that  wood  which  has  its  pores 
filled  with  paint,  varnish,  or  other  agents  be¬ 
fore  the  infestation  takes  place,  will  be  less 
subject  to  attack  than  unfinished  rough  wood. 
The  eggs  hatch  in  a  few  weeks  and  the  grubs 
or  larvae  begin  to  burrow  or  tunnel  into  the 
wood. 

The  condition  of  wood  inhabited  by  Anobiid 
beetles  depends  upon  the  age  of  infestation 
and  the  extent  of  the  damage  done.  In  the  early 
stages  of  attack,  the  galleries  (which  are  never 
visible  on  the  outside  of  uncut  wood),  usually 
follow  the  grain  of  the  wood,  i.e.,  they  will  be 


found  only  in  the  softer  rings  of  the  wood 
(springwood) .  As  the  infestation  spreads,  the 
larvae  cut  across  the  grain,  giving  the  wood  a 
honeycombed  effect.  As  the  larvae  mature  into 
adult  beetles,  they  emerge  from  the  wood,  leav¬ 
ing  circular  exit  holes  which  range  from  1/16 
to  inch  in  diameter  (Fig.  8). 

The  larvae  can  live  in  both  coniferous  and 
hardwood  material  and  in  either  heartwood  or 
sapwood.  Since  the  larvae  may  vary  in  appear¬ 
ance  according  to  their  age,  only  mature  larvae 
will  be  described.  The  full-grown  larvae  are 
curved  and  wrinkled,  and  some  of  the  folds  on 
the  body  have  rows  of  tiny  dark-brown  spinules 
or  asperites  ("hairs”)  which  probably  help  the 
grubs  move  in  their  tunnels  (Fig.  9).  The 


Fig.  9. — Full  grown  larva  of 
Anobiid  beetle  Xestobium  rufo- 
villosum  DeG.  (About  7  times 
enlarged.)  (After  Parkin.) 


Forest  Products  Research  Bulletin  No.  19. 
(Princes  Risborough) 

Fig.  8. — Photograph  showing  /l«o^/«m-infested 
chair  leg.  (Natural  size.) 


larvae  have  three  pairs  of  short  five-jointed 
legs.  Although  the  larvae  vary  in  sixe  depend¬ 
ing  upon  age  and  species,  in  general  the  full 
grown  larva  of  .the  common  furniture  beetle 
Anohium  punctatum  DeG  is  about  ^  inch  in 
length,  whereas  the  average  leng^  of  the 
death-watch  beetle  Xestobium  rufovHlosum 
DeG  larva  is  about  2/5  inch. 

The  galleries  produced  by  the  Anobiid  larvae 
are  packed  with  coarse  frass.  This  frass  or  ex¬ 
creta  ranges  from  coarse,  undefined  shapes  to 
small  pellets  having  rather  well  defined  shapes. 
In  some  species  the  pellets  are  somewhat  bun¬ 
shaped,  in  others  they  are  elongate,  while  in 
others  they  may  taper  at  each  end  and  may  be 
non-uniform  in  shape.  Generally  they  lack  in- 
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dentations  or  other  sculpturing  on  their  surface 
(Fig.  10),  and  this  feature  helps  differentiate 
them  from  the  pellets  of  dry- wood  termites 
(Fig.  11). 


Gjurtesy  USDA,  Bur.  Ent.  &  PI.  Q. 

Fig.  10. — Elongate  excreted  pellets  of  di¬ 
gested  wood  from  burrows  of  Anobiid 
beetle  Nicobium  hirtum  Ill.  (Enlarged 
ateut  9  times.) 


Fig.  11. — Pellets  of  dry- wood  termites 
showing  rounded  ends  and  longitudinal 
depressions.  (Enlarged  approximately  9 
times.)  (Photo  by  N.  Piesbergen.) 

The  larvae  may  work  in  the^  wood  from  one 
to  several  years.  When  they  become  full  grown, 
they  tunnel  toward  the  surface  of  the  wood, 
and  there  construct  an  oval  cell  in  which  they 
pupate  and  then  transform  into  adult  beetles. 
The  period  of  transformation  may  take  two  or 
three  weeks,  after  which  the  beetles  may  bore 


to  the  surface  of  the  wood  and  escape,  or,  if  it 
is  winter,  they  may  remain  as  adults  in  the 
wood  until  more  favorable  conditions  for 
emergence  exist. 

Control  of  Anobiid  Beetles 

We  have  already  mentioned  that  since  the 
Anobiid  beetles  require  rough  surfaces  in 
which  to  lay  their  eggs,  it  is  possible  that  un¬ 
finished  surfaces  of  desks  or  ot^er  furniture 
could  be  treated  with  pore  fillers  or  other  mate¬ 
rials  to  prevent  attack  if  the  manufacturers  of 
such  furniture  desired  to  do  so  or  if  the  public  . 
demanded  it.  Since  Anobiid  beetles  can  work 
in  any  species  of  wood  and  often  attack  rough 
lumber,  such  lumber  could  be  given  a  chemical 
treatment  with  pentachlorophenol  in  oil,  and 
infestation  thus  prevented. 

In  view  of  the  fact  that  prevemive  measures 
are  seldom  taken,  our  discussion  of  the  elimi¬ 
nation  of  Anobiid  beetles  from  infested  wood 
might  be  divided  into  their  control  in  "sta¬ 
tionary”  habitats,  such  as  the  woodwork  of 
buildings,  and  their  control  in  "movable”  ob¬ 
jects,  such  as  furniture,  implements,  etc.  In 
buildings,  structurally  weakened  timbers  or 
other  items  should  be  replaced,  preferably  with 
wood  treated  with  chemicals  known  to  be  effec¬ 
tive  in  controlling  the  beetles.  Although  kero¬ 
sene  or  other  petroleum  oils,  orthodichloroben¬ 
zene,  and  trichlorobenzene  have  been  suggested 
for  this  use,  because  of  their  relatively  rapid 
volatilization,  they  do  not  possess  lasting  qual¬ 
ities  and  therefore  do  not  give  more  than  tem¬ 
porary  protection.  The  most  useful  material 
found  to  date  for  treating  wood  in  place  con¬ 
sists  of  a  3  percent  solution  of  pentachloro¬ 
phenol  in  petroleum  oil.  This  material  may  be 
applied  by  brushing  or  spraying,  the  latter  gen¬ 
erally  being  more  successful. 

For  treating  infested  "movable”  objects,  sudi 
as  lumber,  furniture,  implement  handles,  etc., 
chemical  applications  may  be  practicable,  or 
heat  treatments  can  be  used  if  heat  chambers 
are  available.  Pentachlorophenol  in  suitable 
petroleum  oils  is  probably  the  most  useful 
chemical  for  treating  seasoned  wood,  the 
method  of  application  depending  upon  the 
items  treated. 

Naturally,  implement  handles,  gun  stocks, 
etc.  could  be  dipped,  whereas  furniture  would 
have  to  be  brushed  or  sprayed.  Since  heat  treat- 
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ments  must  either  be  severe  or  of  long  dura¬ 
tion  if  lower  temperatures  are  used,  the  appli¬ 
cator  must  recognize  the  danger  of  warping 
the  wood,  loosening  the  glue  joints,  or  other¬ 
wise  adversely  affecting  wood  if  heat  is  to  be 
considered. 

Cerambycids  or  Longhorn  Beetles 

These  beetles  are  not  apt  to  infest  wood  in 
homes,  but  the  larvae  can  be  brought  in  in 
wood  items,  and  they  may  remain  active  and 
damage  the  wood  for  several  years. 

Although  the  adult  longhorn  beetles  usually 
lay  their  eggs  in  crevices  or  cracks  in  bark,  cer¬ 
tain  species  such  as  Chion  cinctus  Drury  can 
lay  their  eggs  either  on  the  surface  of  bark  or 
of  wood.  The  oval,  long  or  spindle-shaped, 
glassy-white  eggs  may  hatch  in  a  few  days,  or  a 
longer  time  may  be  required  if  climatic  condi¬ 
tions  are  not  ideal. 

The  larvae  of  Longhomed  Beetles  need  never 
be  confused  with  the  larvae  of  other  powder 
post  beetles,  for  they  are  easily  distinguishable 
and  are  all  quite  similar  in  general  shape  and 
appearance.  The  larvae  or  grubs  are  long  and 
narrow  and  are  a  light  cream  color.  The  body 
is  composed  of  a  number  of  rings  or  segments, 
generally  tapering  somewhat  from  front  to  rear 
(Fig.  12).  The  head  does  not  appear  to  be  a 


aid  the  larvae  in  moving  in  the  tunnels.  The 
full  grown  larvae  vary  from  to  3  or  4  inches 
in  length,  depending  upon  the  species. 

Although  most  longhomed  beetles  seem  to 
prefer  moist  wood  for  their  rapid  development, 
the  larvae  have  been  known  to  work  in  wood 
paneling  and  heavy  wood  furniture  for  long 
periods  of  time.  Lawn  furniture,  picnic  tables 
and  similar  items  seem  to  be  favorite  haunts 
for  this  group  of  insects.  As  the  larvae  reach 
full  maturity,  they  pupate  and  then  transform 
to  beetles.  At  the  time  of  pupation,  the  mature 
larva  gnaws  a  special  chamber  in  the  wood  and 
there  goes  through  its  pupal  and  adult  changes, 
which  usually  requires  a  relatively  short  period 
of  3  to  4  weeks. 

The  adult  longhomed  beetles  are  large,  con¬ 
spicuous  insects  ranging  from  ^  to  3  inches 
in  length,  and  are  easily  distinguishable  by  the 
length  of  their  "horns”  or  antennae.  In  some 
species  the  antennae  of  the  males  may  be  much 
longer  than  the  body  itself  (Fig.  13).  Many  of 
the  species  contain  conspicuous  color  markings, 
which  are  bound  to  attract  attention.  One  of 
the  most  common  longhomed  beetles  is  the  old 
house  borer.  It  is  %  to  1  inch  long  and  is 
black  with  grey  markings  on  its  wing  covers, 
which  appear  as  two  traverse  grey  bands. 


USDA  Farmers’  Bulletin  1582 

Fig.  12. — Larva  of  the  Cerambycid  round  headed  borer  beetle  Megacyllene 
antennatus  White  (Enlarged  three  diameters). 


separate  segment,  due  to  the  fact  that  it  is  often  As  previously  mentioned,  damage  to  timbers 
partly  withdrawn  into  the  first  body  segment,  by  longhorned  beetles  is  caused  entirely  by  the 

Often  the  only  distinguishable  features  of  the  larvae;  the  adult  beetles  do  not  tore  into  the 

head  are  the  heavy  dark-brown  jaws.  Although  wood.  In  general,  damage  is  confined  to  the 

many  of  the  larvae  are  legless,  some  have  a  sapwood,  but  in  species  of  wood  such  as  ash 

pair  of  very  minute,  short  legs  on  the  lower  and  hickory  in  which  the  sapwood  and  heart- 

surface  of  each  of  the  first  three  segments  be-  wood  are  not  closely  defined,  the  damage  may 

hind  the  head.  Also,  some  of  the  segments  con-  be  found  in  gll  portions  of  the  wood.  The  gal- 

tain  "warts”  or  "bumps”  which  undoubtedly  leries  produced  by  the  Longhorn  larvae  ate 
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(Princes  Risborough) 

Fig.  13. — Photograph  of  the  long¬ 
horned  beetle — Neoclytus  caprea  Say. 
(Enlarged  4  times.) 

irregular  -and  packed  with  frass,  which  varies 
from  flour-like  powder  in  the  case  of  some 
species  to  very  coarse  frass  in  other  species. 

Because  there  is  such  a  variation  in  the  size 
of  the  Longhorn  beetles  and  larvae,  it  is  diffi¬ 
cult  to  describe  accurately  the  type  of  damage 
done  by  each  unless  the  damage  is  described 
for  each  particular  species.  Likewise,  the  exit 
holes  vary  greatly  in  size  according  to  species, 
ranging  from  round  holes  ^  inch  in  diameter 
to  round  holes  as  large  as  ^  inch  in  diameter. 

Wood  containing  some  bark  is  often 
attacked,  and  the  holes  in  the  bark  or  the  en¬ 
gravings  on  the  wood  where  the  bark  has 
dropped  off  -  help  identify  and  locate  the 
damage. 

Control  of  Cerambycids 

Since  damage  by  some  longhorned  beetles 
like  the  ash  borers,  originate  in  green  or  partly 
seasoned  wood,  control  of  these  insects  must 
start  in  the  forest  or  at  the  sawmill  seasoning 
yard.  In  cases  where  this  type  of  longfiorned 
beetle  appears  in  old  houses  or  around  the 
household,  re-infestation  is  not  likely  unless 
more  freshly  cut  or  partially  seasoned  wood  is 
present.  To  aid  in  preventing  infestation  by 
some  other  species  of  beetles,  the  baric  should 
be  removed  from  the  edges  of  boards  or  from 
logs  in  cabins  attacked  by  longhorned  beetles. 


On  wood  where  bark  is  absent,  application  of 
chemicals  is  usually  unnecessary,  but  if  the  cli¬ 
ent  demands  that  the  wood  be  given  a  treat¬ 
ment,  oil  solutions  of  pentachlorophenol  are 
most  likely  to  succeed  in  killing  the  adults  and 
larvae  and  in  preventing  re-infestation,  and  of 
course  will  provide  protection  against  many 
other  kinds  of  beetles. 

In  the  case  of  longhomed  beetles  like  the 
"flat  oak”  and  "old  house”  borers  that  attack 
seasoned  wood,  it  has  been  observed  that  these 
beetles  are  controlled  by  a  preservative  treat¬ 
ment  such  as  3  percent  pentachlorophenol  in 
oil.  Since  specific  suggestions  on  methods  of 
treatment  of  infested  wood  have  been  given 
previously  and  will  be  more  fully  discussed  in 
the  following  section  dealing  with  preventive 
and  control  measures,  further  comments  on 
the  control  of  Cerambycids  will  not  be  given 
here. 

General  Remarks  Relative  to  Preventive 
and  Control  Measures 

In  general,  preventive  measures  for  protect¬ 
ing  wood  and  wood  products  against  the  four 
groups  of  insects  discussed  above  should  be 
taken  before  the  wood  items  reach  the  home 
owner  or  householder.  Green  or  seasoned  wood 
should  be  protected  before  the  wood  is  used. 

The  use  of  chemicals  and  of  heat  has  been 
suggested.  It  might  seem  that  the  control 
measures  given  for  each  group  of  insects  made 
reference  too  often  to  the  use  of  pentachloro¬ 
phenol  in  oil.  If  there  were  other  usable  prod¬ 
ucts  that  would  impart  prolonged  protection, 
they  should  have  been  mentioned,  Ixit  the  lit¬ 
erature  reveals  no  product  that  will  give  pro¬ 
longed  protection  and  equal  in  effectiveness  to 
pentachlorophenol.  Borax  and  colloidal  sulfur 
do  have  use,  but  being  the  type  that  require 
water  applications,  they  do  not  have  the  uni¬ 
versality  of  application  that  pentachlorojffienol 
does. 

Orthodichlorobenzene  and  trichlorobenzene 
will  kill  all  stages  of  these  insects,  but  they 
have  no  residual  effect  and  will  not  impart 
long  time  protection.  Dinitrocyclohexylphenol 
has  also  b^n  tested,  but  it  imparts  a  yellow 
color  to  wood  and  thus  is  limited  in  usefulness. 
Turpentine  and  certain  waxes  also  furnish  an 
initial  protection,  but  the  period  of  protection 
is  questionable. 
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Since  treatment  of  infested  wood  by  the  pres¬ 
sure  method  is  usually  impracticable,  immer¬ 
sion  of  the  wood  in  suitable  chemicals  usually 
gives  the  next  best  treatment.  For  items  that 
cannot  be  immersed  or  for  those  which  have 
been  finished  in  some  manner  before  the  in¬ 
festation  has  been  discovered,  spraying  is  the 
most  useful  method  for  applying  the  solutions 
to  the  wood  although  brushing  or  mopping  and 
even  fumigation  has  been  used. 

Some  Pest  Control  Operators  have  reported 
control  of  larvae  and  beetles  by  fumigation 
with  cyanide  gas,  methyl  bromide,  and  chloro- 
picrin.  Little  data  are  available  on  this  subject, 
but  it  has  been  stated  that  for  fumigating  with 
methyl  bromide,  two  cubic  centimeters  of  liquid 
gas  per  cubic  foot  of  chamber  space  for  18 
hours  at  80®  F.  should  be  used  for  2  inch  or 
smaller  sizes  of  wood. 

If  the  dioice  of  treating  method  lies  between 
spraying,  brushing  or  mopping,  it  will  gener¬ 
ally  be  advantageous  to  use  a  spray  as  a  more 
thorough  job  can  be  done  without  adversely 
affecting  the  finish.  Whereas  varnished  and 
painted  surfaces  might  be  ruined  by  brashing 
pentachlorophenol  solutions  onto  wood,  spray 
treatments  when  carefully  applied  penetrate  the 
wood  without  "roughing”  the  finish.  Where 


sub-floors,  floors,  joists,  or  girders  are  sprayed, 
it  has  been  found  that  a  nozzle  which  delivers 
a  conical  type  spray  is  most  useful.  Likewise,  it 
has  been  found  that  the  spray  nozzle  should  be 
held  about  3  inches  from  the  surface  being 
sprayed.  If  held  closer  than  3  inches  the  solu¬ 
tion  "bounces  off”  the  wood;  if  held  farther 
away  than  3  inches  the  spray  fogs  and  much  is 
lost.  Where  hardwood  floors  are  to  be  treated, 
the  operator  should  start  in  a  corner  or  a  side 
of  a  room  away  from  the  door  and  work  to¬ 
ward  the  door  so  that  he  will  not  have  to  walk 
on  the  treated  areas.  In  general  24  to  48  hours 
should  elapse  before  anyone  walks  on  the 
treated  floors.  Applications  should  be  made  so 
that  the  surfaces  are  adequately  "wet”  with  the 
solution  but  there  should  not  be  so  much  solu¬ 
tion  applied,  that  the  material  "puddles”  or 
"lakes”  on  the  floor  surface. 

Although  considerable  work  has  been  done 
to  determine  the  temperatures  required  per  units 
of  time  and  thickness  of  wood  to  kill  infesta¬ 
tions  of  powder  post  beetles  in  wood,  that  in¬ 
formation  has  not  been  translated  into  furni¬ 
ture  or  other  manufactured  items.  This  funda¬ 
mental  work  of  Snyder  and  St.  George  and  its 
extension  by  Fisher  and  Paricin  was  combined 
in  one  table  by  St.  George  as  shown  in  Table  I. 


Table  I. — Schedule  for  Heating  Wood  to  Check  Damage  by  Powder-Post  Beetles 


IMative  humidity 
(per  cent) 


100. 


Lethai 

temperature 

required 

•F 

ISO 


125 


80. 


60. 


120 


116 


126 


116 


Thiekneee  of 
timber 

Inehea 


1 

2 

r 

1 

2 

1 

2 

2H 

8 

1 

2 

,S 

1 

2 

1 

2 

1 

2 

2H 

8 


Time  required 
to  overcome 
lag  after  kiln 
haa  attained 
lethal 

temperature 

Houra 


Additional 
marain  of 

aaMy 

Houra 


Time  then 
hdd  at 
lethal 

temperature 

Houm 


Total  period  of 
exposure  after 
kiln  baa  attained 
required 
conditions 

Houra 


246 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Precautions  That  Will  Help  Obtain 
Trouble-Free  Results 

Throughout  the  paper,  care  in  the  use  of  any 
treatment  has  been  stressed.  Heating  can  loosen 
joints  or  warp  wood;  fumigation  can  ruin  fab¬ 
rics  and  must  be  used  with  adequate  health 
precautions,  and  other  chemicals  must  be  applied 
with  understanding.  In  making  applications  of 
chemicals  to  wood  by  immersion,  -  dipping, 
brushing  or  spra]ring,  the  person  making  the 
application  should  be  adequately  protected 
from  the  vapors  of  the  chemicals  and  to  pre¬ 
vent  the  solutions  from  contacting  the  skin.  In 
general,  goggles  should  be  worn  and  synthetic 
mbber  gloves  should  be  provided,  and  a  respir¬ 
ator  is  often  essential  to  an  operator’s  comfort. 
Any  petroleum  solvent,  regardless  of  whether 
it  has  a  low  or  high  flash  point,  presents  a  cer¬ 
tain  degree  of  fire  hazard.  Smoking  should  not 
be  allowed  around  the  premises  and  care 
should  be  taken  that  open  flames  are  not 
present.  The  mist  from  the  spray  should  be 
kept  ofl  lighted  electric  bulbs  as  the  droplets 
that  fall  on  the  hot  glass  make  pin-point  holes 
in  the  bulbs  and  thus  bum  them  out  quickly. 
It  must  also  be  understood  that  practically  all 
chemicals  possess  some  odor. 

It  is  always  desirable,  if  a  finished  floor  is  to 
be  treated,  to  try  a  small  floor  section  before 
the  entire  area  is  treated.  Such  an  area  may  be 
located  in  an  "under  the  rug"  area  or  some 
other  inconspicuous  place.  It  must  be  recog¬ 
nized  that  there  are  almost  as  many  floor  fin¬ 
ishes  (varnishes,  lacquers,  paints,  waxes, 
stains,  etc.),  as  there  are  floors,  and  it  is  im¬ 
possible  to  make  a  definite  statement  relative 
to  the  possible  damage  that  might  be  done  by 
a  spray  solution.  Likewise,  care  must  be  exer- 
cis^  that  a  spray  material  is  not  applied  so 
heavily  that  it  runs  down  through  the  floor 
cracks  and  thus  stains  plaster  or  other  areas 
immediately  underneath  the  treated  floor. 

It  should  be  mentioned  that  the  spraying  of 
oil  solutions  in  basements  or  other  areas  where 
ventilators  are  present  in  the  foundation,  or 
the  treatment  of  floors  in  the  house  with  the 
windows  open,  may  make  it  possible  for  the 
tiny  oil  droplets  to  "drift"  out  of  the  openings 
and  on  to  the  shrubbery  outside  the  house.  If 
3  percent  pentachlorophenol  in  oil  hits  such 
shrubbery  it  can  very  easily  be  the  cause  of 


leaf  drop  or  even  the  killing  of  certain  plants. 
Extreme  care  in  preventing  this  "drifting” 
should  be  exercised  by  the  person  making  the 
application. 

These  rules  are  not  intended  to  make  the 
task  seem  diflicult,  but  rather  to  stress  the  fact 
that  knowledge  makes  it  possible  to  get  a  job 
done  well  without  injury  to  people  or  property. 

Examples  of  Wood  Boring  Beetles  Discussed 
in  This  Paper 

Often  a  person  who  finds  beetles  working  in 
floors,  furniture  or  other  wood  items,  collects 
one  or  more  specimens  of  the  beetles  or  larvae 
and  sends  them  to  a  State  or  the  Federal  gov¬ 
ernment  for  identification.  In  the  reply,  the 
entomologist  may  give  the  technical  name  of 
the  insect  and  send  a  leaflet  describing  the  gen¬ 
eral  group  of  insects  to  which  the  particular 
insect  belongs. 

In  order  to  make  it  possible  to  tie  such  tech¬ 
nical  names  with  this  article  so  as  to  receive 
the  benefit  of  the  specific  discussion  on  each 
group  of  insects,  we  will  list  here  some  of  the 
more  common  insects  found  in  the  United 
States  that  fit  into  each  group. 

Some  common  Lyctus  beetles: 

Lyctus  planicollis  Lee. 

Lyctus  parallelopipedus  Melsh 
Lyctus  hrunneus  Steph. 

Lyctus  cavicollus  Lee. 

Examples  of  Bostrichid  beetles: 

Xylobiops  basilaris  Say. — ^Red-should¬ 
ered  shot-hole  borer. 

Polycaon  stouti  Lee. 

Dtnoderus  minutus  Fab. 
Stephanopachys  rugosus  Oliv. 

Examples  of  Anobiid  beetles: 

Old  furniture  beetles 
Anobtum  punctatum  DeG. 

Nicobium  hirtum  Ill. 

Death  watch  beetles 

Xestobium  rufovillosum  DeG. 
Hadrobregmus  carinatus  Say. 
Hadrobregmus  gibbicollis  Lee. 

Other  Anobiid  beetles 
Trypopitys  sericeus  &y. 

Xyletinus  peltatus  Harris 
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Some  common  Cerambicid  beetles: 

Smodium  cucujiforme  Say. — Flat  oak 
borer  or  flat  powder  post  beetle. 

Neoclytus  caprea  Say. — Grey  banded 
ash  borer. 

Neoclytus  acuminatus  Fab. — ^Red-headed 
ash  borer 

Chion  cinctus  Drury 

Homaleum  rufulum  Hald. 

Hylotrupes  bajulus  L. — Old  house  borer. 

Megacyllene  antennatus  White — Round 
headed  borer. 
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'  Discussion 

FreJ  Gottschdk  (American  Lumber  &  Treat¬ 
ing  Company):  Could  powder  post  beetle  at¬ 
tack  be  mistaken  for  termite  damage? 

Mr.  Hatfield:  No,  not  to  one  familiar  with 
the  activities  of  each.  Most  of  the  wood  borers 
produce  frass  (wood  powder),  while  subter¬ 
ranean  termites  do  not.  There  are  also  other 
distinguishing  characteristics. 

Mr.  Gottschdk:  Will  not  all  the  standard 
treatments  mentioned  by  Bescher  prevent  pow¬ 
der  post  beetle  damage  as  well  as  termites  and 
decay? 

Mr.  Hatfield:  Probably  yes,  but  some  pre¬ 
servatives  are  more  effective  than  others,  and 
some  cannot  be  used  because  of  color,  odor,  or 
other  characteristics. 

Robert  A.  Zabel  (New  York  State  College 
of  Forestry) :  Do  the  chemicals  that  you  rec¬ 
ommend  for  control  of  powder-post  beetles 
have  a  repellent  or  a  toxic  action  on  the  insects? 


Mr.  Hatfield:  Repellents  are  not  generally 
used  because  they  impart  only  temporary  pro¬ 
tection.  Chemicals  are  usually  selected  that 
have  a  toxic  effect  on  both  eggs  and  larvae. 

R.  Joseph  Kowd  (U.S.D.A.  Bureau  of  En¬ 
tomology)  :  Dry  wood  termites  might  possibly 
be  confused  with  powder  post  beetles  in  Cali¬ 
fornia.  Even  some  furniture  woods  are  occa¬ 
sionally  bothered  out  there,  although  oak  is  not 
attacked. 

Mr.  Hatfield:  That  is  correct.  In  my  previ¬ 
ous  comments  I  referred  only  to  subterranean 
termites. 

E.  A.  Behr  (Chapman  Chemical  Company) : 
Are  long-horned  beetles  able  to  penetrate 
heartwood?  My  reason  for  asking  is  that  we 
have  seen  ash  logs  with  many  grub  holes  run¬ 
ning  in  a  ring  around  the  log,  extending  in 
toward  the  center  of  the  log  about  one  or  two 
inches.  From  this  it  would  appear  that  only 
sapwood  was  attacked,  provided  long-homed 
b^tles  actually  were  the  insects  involved.  The 
grub  holes  were  about  ^^-inch  ovals  and  were 
packed  with  sawdust;  no  adults  were  seen. 

Mr.  Hatfield:  Long-horned  beetles  can  also 
work  in  the  heartwood  of  species  like  ash  and 
hickory  where  the  heartwood  and  sapwood  are 
not  clearly  defined.  Their  chief  damage,  how¬ 
ever,  is  to  sapwood. 

Bror  L.  Grondd  (University  of  Washing¬ 
ton)  :  How  would  you  advise  treating  axe  han¬ 
dles  to  protect  against  powder  post  beetle 
attadc? 

Mr.  Hatfield:  Pentachlorophenol  in  proper 
solvents  (either  petroleum  products  alone  or 
mixed  with  other  solvents)  has  been  success¬ 
fully  used. 
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Ignition  Temperatures  of  Fireproofed  Wood, 
Untreated  Soimd  Wood,  and  Untreated 
Decayed  Wood 

H.  W.  Angell,  F.  W.  Gottschalk,  and  W.  A.  McFarland 
Technical  Depaftment,  American  Lumber  and  Treating  Company,  Chicago,  Illinois 

About  5.000.000  board  fett  of  lumber  and  timbers  are  being  chemically  fireproofed  every  year  by  tbe 
vacuum-pressure  process  of  impregnation.  During  the  peak  war  year  the  demand  was  12  times  as  great. 

Whereas  fireproofed  wood  has  been  adequately  equated  bjr  large-scale  tests,  vety  little  work  has  been 
done  in  determining  tbe  temperatures  at  which  it  will  ignite.  This  paper  gives  ignition  testing  procedures  and 
results  for  (1)  wood  pressure-treated  with  three  commercial  chemical  formulations,  (2)  untreated  sound  wood, 
and  (3)  untreated  decayed  wood. 

_  It  was  found  that  upwards  of  3  pounds  of  dry  fireiMoofing  chemicals  per  cubic  foot  of  wood  are  needed 
to  increase  the  ignition  temperature  above  1200*  F.  The  ignition  temperature  of  matched,  untreated  wood  was 
found  to  be  400*  F.,  while  decayed  wood  burned  at  300*  F. 


Introduction 

HE  term  "fireproofed  wood”  refers  to 
wood  that  has  been  chemically  impreg¬ 
nated  under  pressure  to  increase  its  fire 
resistance.  Fireproofing  compounds  consist  of 
various  proportions  of  sulphates  and  phos¬ 
phates  of  ammonia,  borax,  boric  acid,  ainc 
chloride,  and  sodium  dichromate.  These  chem¬ 
icals,  when  used  in  proper  proportions  and 
quantities,  increase  fire  resistance  to  a  point  at 
which  the  material  will  not  support  its  own 
combustion;  in  short,  if  the  source  of  heat  is 
removed,  treated  wood  will  cease  to  burn,  and 
afterglow  will  stop  quiddy.  Fireproofed  lum¬ 
ber  will  char  at  high  temperatures,  but  will 
effectively  resist  flame  spread  and  flame  pene¬ 
tration. 

The  vacuum-pressure  equipment  needed  for 
fireproofing  wood  is  practically  the  same  as 
that  needed  for  treating  with  toxic  salt  pre¬ 
servatives;  therefore,  many  wood  preservers  are 
producers  of  fireproofed  lumber.  The  fire- 
retardant  treatment  of  wood  has  been  per¬ 
formed  in  this  country  for  over  50  years,  but 
not  until  the  beginning  of  the  recent  war  did 
it  become  nationwide.  The  banner  year  was 
1943  when  more  than  65,000,000  board  feet 
of  lumber  and  timbers  were  processed,  most  of 
which  was  used  for  military  construction. 
After  the  war,  when  army  and  navy  demands 
lessened,  commercial  production  leveled  at 
about  5,000,000  board  feet  per  year. 

Large-scale  tests  best  determine  the  effective¬ 
ness  of  fireproofed  wood  against  both  flame 


penetration  and  flame  spread.  Resistance  to 
flame  penetration  is  referred  to  as  "fire  resist¬ 
ance”  and  is  measured  by  the  time  required 
for  a  standard  test  fire  to  break  through  a  par¬ 
tition  or  a  door  made  of  treated  wood.  Parti¬ 
tions  are  tested  in  accordance  with  the  Amer¬ 
ican  Society  for  Testing  Materials  "Fire  Tests 
of  Building  Construction  and  Materials,” 
(A.S.T.M.  Designation  El  19-47)  and  doors 
in  accordance  with  "Fire  Tests  of  Door  Assem¬ 
blies,”  (A  S.T.M.  Designation  El 52-41).  The 
ratings  assigned  are  in  hours  and  fractions  of 
an  hour  such  as  a  ^-hour  door  or  a  1-hour 
wall. 

Flame  spread  is  referred  to  as  "fire  hazard” 
and  is  measured  by  the  Underwriters’  Labora¬ 
tories,  Inc.  "Fire  Hazard  Classification  Test  of 
Building  Materials.”  Products  are  considered  as 
building  materials  rather  than  structural  units 
and  are  assigned  fire  hazard  numerical  classifi¬ 
cation  ratings  based  on  a  range  of  100  (com¬ 
bustible)  to  0  (incombustible). 

In  addition  to  large-scale  proving  methods, 
there  are  several  small-scale  testing  techniques. 
The  most  important  are  the  "fire-tube  test”  and 
the  "crib  test."  The  fire-tube  test  is  listed  by 
the  American  Society  for  Testing  Materials  as 
"Combustible  Properties  of  Treated  Wood  by 
the  Fire-Tube  Test  Method,”  (A.S.T.M.  Des¬ 
ignation  E69-47).  The  crib  test  is  known  as 
"Fire  Retardant  Properties  of  Wood,” 
(A.S.T.M.  Designation  E160-46).  The  crite 
rion  for  these  laboratory  tests  is  weight  loss 
after  exposure  to  a  standard  flame.  Sometimes 
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they  are  used  to  sample  commercial  cylinder 
charges  of  fireproofed  lumber,  but- the  results 
obtained  have  only  limited  reliabili^;  there  is 
too  much  dependent  on  the  particular  pieces 
selected,  and  it  is  impossible  to  refer  to  any 
piece  as  being  "representative  of  the  charge.” 

Ignidon  Tests 

During  the  past  30  to  40  years  occasional 
techniques  were  developed  to 'determine  igni¬ 
tion  temperatures  of  various  types  of  wood, 
treated  and  untreated.^**-®  Unfortunately,  no 
truly  standard  ignition  test  for  wood  was  ever 
devised  and  the  results  of  these  methods  are 
difficult  to  compare  and  evaluate.  Factors  which 
may  afiFect  the  ignition  temperature  are  (1)  the 
air  supply  surrounding  the  wood  at  the  time  of 
test  and  the  rate  of  air  movement,  (2)  how 
the  heat  is  applied,  whether  by  slowly  heating 
or  by  suddenly  subjecting  the  specimens  to 
high  temperatures,  and  (3)  how  the  investi¬ 
gator  defines  ignition.  Generally  speaking,  the 
various  species  are  similar  in  respect  to  ignition 
temperatures  although  their  subsequent  resist¬ 
ance  to  flame  penetration  and  flame  spread  may 
be  slightly  different. 

This  paper  gives  ignition  testing  procedures 
and  results  for  (1)  wood,  pressure  treated  with 
three  commercial  chemical  formulations,  (2) 
untreated,  sound  wood,  and  (3)  untreated,  de¬ 
cayed  wood.  As  a  result,  it  was  possible  to 
compare  (1)  the  effectiveness  of  the  three 
chemical  formulations  with  each  other,  (2) 
fire-retardant  wood  with  untreated  and  decayed 
wood,  and  (3)  untreated  sound  wood  with 
untreated  decayed  wood. 

Test  Procedure  and  Criterion  for  Ignition 

After  reviewing  past  literature,  it  was  de¬ 
cided  that  the  most  reliable  ignition  test  for 
comparing  fireproofed  and  untreated  wood 
would  be  the  sudden  subjection  of  test  speci¬ 
mens  to  predetermined  temperatures.  The 
apparatus,  as  shown  in  Fig.  1,  consisted  of  an 

®McNaugton.  G.  C.  "Ignition  and  Charring  Tem¬ 
peratures  of  Wood,”  Forest  Products  Laooratory 
Mimeo.  No.  R  1464,  Nov.  1944. 

•Prinse,  R.  E.  ''Te<ts  on  the  Inflammability  of 
Untreated  Wood  and  Wood  Treated  With  Fire  Re¬ 
tarding  Compounds.”  National  Fire  Protection  Asso¬ 
ciation  1915  Proc. 

*  Underwriters’  Laboratories,  Inc.,  Chicago,  Illinois. 
"Wood.  Ignition  of,  at  Low  Temperatures.”  Card  C 
60,  Card  Data  Service. 


THERMOCOUPLE 


Fig.  1. — Apparatus  for  ignition  tests. 


ordinary  high  temperature  gas  burner  7  inches 
high  with  a  30  mm.  grid  top.  A  pyrex  glass 
chimney  2  inches  in  diameter  and  11  inches 
long  was  placed  over  the  burner.  The  speci¬ 
mens  were  suspended  from  the  top  of  the 
chimney,  and  the  lower  side  of  each  specimen 
measured  2^  inches  from  the  top  of  the 
cylinder.  The  distance  of  the  tip  of  the  gas 
flame  from  the  specimen  varied  2  to  6  inches 
depending  on  the  test  temperature.  Tempera¬ 
tures  were  controlled  by  means  of  a  thermo¬ 
couple  placed  inside  the  chimney  near  the 
lower  end  of  the  specimen. 

After  preliminary  work  a  program  was  out¬ 
lined  to  test  specimens  treated  with  the  heavier 
retentions  of  fire-retardants  at  temperatures 
from  600®  to  1400®  F.  The  specimens  were 
exposed  for  1  minute  which  was  enough  time 
for  them  to  become  engulfed  in  flame.  They 
were  then  removed  and  the  criterion  for  igni¬ 
tion  was  as  follows:  If  flaming  stopped  within 
20  seconds  and  if  afterglow  ended  in  less  than 
20  seconds  beyond  the  flame,  specimens  were 
considered  not  ignited.  If  either  flaming  or 
afterglow,  or  both,  persisted  for  more  than  20 
seconds,  specimens  were  considered  ignited. 

The  untreated  samples  were  exposed  to  tem¬ 
peratures  from  275®  to  425®  F.  which  required 
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a  longer  time  for  ignition  to  take  place.  The 
pieces  were  allowed  to  remain  in  place  until 
they  became  ignited,  but  if  they  did  not  burn 
after  20  minutes  they  were  considered  as  non¬ 
combustible.  i 

Specimens  treated  with  lower  retentions  of 
diemicals  were  tested  from  300®  to  700®  F.; 
from  300®  to  400®  F.  they  received  prolonged 
exposure,  and  from  400®  to  700®  F.,  1-minute 
exposure. 

Preparation  of  Specimens 

All  wood  samples,  except  decayed  and  red¬ 
wood  pieces,  were  cut  from  a  single,  clear  1  in. 
by  6  in.  S4S  all-sapwood  southern  yellow  pine 
board  having  about  12  annual  rings  per  inch. 
Those  that  were  decayed  came  from  a  board 
having  about  the  same  growth  characteristics, 
but  having  an  advanced  case  of  brown  rot. 
Redwood  was  cut  from  a  clear,  all-heart  1-inch 


board  having  about  50  rings  per  inch.  All 
pieces  measured  ^  in.  by  %  in.  by  2  in.  long. 

The  three  chemical  formulations  used  for 
treating  are  given  in  Table  1.  Treating  was 
done  in  an  experimental  cylinder  by  the  pres¬ 
sure  process.  Weights  before  and  after  treat¬ 
ment  were  used  to  determine  the  absorption  of 
chemical  solution  and  net  dry  retention.  Six 
specimens,  numbered  1  through  6,  were  treated 
for  each  retention  of  each  chemical  formula¬ 
tion,  and  then  were  dried  in  an  oven  at  140®  F. 
to  7  ±;  3  percent  moisture  content  at  which 
condition  all  testing  was  performed.  Treating 
results  are  given  in  Table  2. 

Results 

The  results  for  all  the  ignition  tests  are  tab¬ 
ulated  in  Table  3.  The  ignition  temperatures, 
based  on  the  criterian  as  given,  are  readily 
found  for  each  retention  of  each  chemical 


Table  1. — Firb-Retardant  Formulas  Used  for  Tests 

Formula  Chemicala  Percentage 


Minalith _ _ _ _ _ Ammonium  sulphate _ : _  60.0 

Diammonium  pnosphate _  10.0 

Sodium  tetraborate,  anhydrous -  10.0 

Boric  acid _ 20.0 

100.0 


Chromated  sine  chloride _ _  Zinc  chloride _  81.6 

S^ium  dichromate . . . .  18.6 

100.0 


Chromated  zinc  chloride  (with  ammonium  sulphate  and  boric  acid  added) _ Zinc  chloride _ 

Sodium  dichromate _ 

Ammonium  sulphate.. 
Boric  acid.' _ 


Note:  Minalith  is  also  known  as  Type  2  Fire-Retardant  of  Navy  Department  Specification  61C88,  Jan.  8,  1944,  Chemicais, 
Fire-Retardant,  for  Lumber  and  Timber.  ' 

Chromated  zinc  chloride  is  also  known  as  Type  4  Fire-Retardant  of  Navy  Department  Specification  61C88,  Jan.  8,  1944, 
Chemicals,  Fire-Retardant,  for  Lumber  and  Timber. 


.Table  2. — ^Treating  Results 
(Retention  of  dry  chemical  in  pounds  per  cubic  foot  of  wood) 
Minalith 

I  Specimen  No. 

Concentration  - 

Series  of  sedution  1  2  8  4  6 

(percent) 

A .  10.0  2.70  2.86  2.28  2.26  2.26 

B .  20.0  6.22  6.16  6.12  6.07  6.00 

Chromated  zinc  chloride 

C .  8.0  0.72  0.76  0.76  0.71  0.74 

D .  6.0  1.66  1.69  1.62  1.66  1.66 

E .  10.0  2.69  2.60  2.60  2.66  2.66 

Chromated  sine  chloride  (with  ammonium  sulphate  and  boric  acid  added) 

F .  10.0  2.71  2.68  2.66  2.64  2.62 


2.27 

4.92 


0.76 

1.69 

2.67 


2.60 


Average 


2.86 

6.10 


0.74 

1.60 

2.68 


2.66 
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formulation  as  well  as  for  the  untreated  and 
decayed  specimens.  They  are  as  follows: 

Ignition 
Tempera¬ 
ture,  *F. 


Treated  specimens 

Minalith,  2.35  lb.  treatment _ 1200 

Minalith,  5.10  lb.  treatment _ :  1400 


Chromated  zinc  chloride,  0.75  lb.  treatment  350 
Chromated.zinc  chloride,  1.60  lb.  treatment  700 
Qironr.ated  zinc  chloride,  2.65  lb.  treatment  900 
Chromated  zinc  chloride  (with  ammonium 
sulphate  and  boric  acid  added),  2.65  lb. 


treatment  _ _  1000 

Untreated  specimens 

Sound  southern  pine _  400 

Sound  redwood _  400 

Decayed  southern  pine _  300 


Fig.  2  shows  the  results  for  the  treated  speci¬ 
mens  in  graph  form  with  ignition  temperature 
plotted*  against  retention  of  chemicals.  Fig.  3 
shows  the  results  for  the  untreated  and  decayed 
specimens  in  bar  chart  form. 

Conclusions 

From  the  data  obtained  the  following  con¬ 
clusions  are  made: 

1.  Fire-retardant  chemicals  increase  the  igni¬ 
tion  point  of  wood;  the  amount  by  which 
the  ignition  temperature  is  increased  over 
similar  untreated  wood  depends  upon  the 
particular  chemical  formulation  used  and 
the  retention.  It  is  apparent  that  upwards 


Table  3. — Results  of  Ignition  Tests 


Exposure 

tem^rature 

®F. 


After  1  minute  exposure  After  1  minute  exposure 


Flaming 

Glowing 

Flaming 

Glowing 

aec. 

aec. 

aec. 

aec. 

Minalith  (Moderate  Treatment)  Minalith  (Heavy  Treatment) 


800 .  0  0 

900 .  •'  0  0  0  0 

1000 .  0  0  0  0 

1100 _ .* _ •- .  10  0  0  0 


1200 .  98  0  0  0 

1300 .  66  0  ..  0  0 

1400 . . .  ■  —  ■  —  .22  0 


Chromated  xinc  chloride 
(0.761b.  Treatment) 


Chromated  zinc  chloride 
(1.60  lb.  Treatment) 


400 . ^ .  —  ...  0  0 

600 . 116  17  19  0 

600 .  127  100  12  10 

700 .  123  178  2  62 


600. 

700- 

800. 


Chromated  zinc  chloride 
(2.66  lb.  Treatment) 

0  0 

0  0 

0  0 


Chromated  zinc  chloride 
(With  ammonium  sulphate  and  boric  acid 
added)  (2.66  lb.  Treatment) 

'6  ’6 

0  0 


900 .  2  26  0  0 

1000 . _ : .  40  162  28  0  ' 

1100 .  71  190  92  0 

1200 . . .  --  -.  120  •  0 


Exposure  -  After  prolonged  exposure  After  prolonj^  exposure 

temperature  Time  before  flaming  began  Time  before  flaming  began 

*F.  ,  sec.  aec. 

Chromated  zinc  chloride  Chromated  zinc  chloride 

(0.76  lb.  treatment)  (1.60  lb.  treatment) 

300 _ _ _  Did  not  flame  '  •  _ 

360 _  167  Did  not  flame 

876 _ _ _ _ _  ‘  120  Did  not  flame 


--  Untreated  southern  pine  Untreated  redwood 

876 _ _  Did  not  flame  Did  not  flame 

400 .  427  ■'  126 

426 .  ...  262  116 


Rotten  southern  pine 

276.... _ ... _ - _ _  Did  not  flame 

300 .  106 
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IGNITION  TEMPERATURE- RETENTION  CHART  IGNITION  TEMPERATURES  OF  UNTREATED  WOOD 


Fig.  2. — Relation  of  amount  of  chemical  retained  to 
ignition  temperature  of  wood. 

of  3  pounds  of  dry  chemical  per  cubic 
foot  are  needed  to  increase  the  ignition 
temperature  above  1200®  F.  More  than  4 
pounds  are  needed  to  increase  it  above 
1300®  F. 

2.  Fire-retardant  chemicals  in  retentions  of 
1  pound  or  less  apparently  do  not  bring 
about  any  increase  in  ignition  tempera¬ 
ture. 

3.  Untreated  southern  pine  and  untreated 
redwood  have  about  the  same  ignition 
temperature  although  the  redwood  ignited 
quiver  than  the  southern  pine  under  the 
prolonged  exposure  test. 

4.  Untreated  decayed  wood  will  ignite  at  a 
much  lower  temperature  than  similar 
sound  wood. 

Discussion 

G.  G.  Sward  (National  Paint,  Varnish  & 
Lacquer  Association) :  How  would  you  distin¬ 
guish  between  the  terms  ’ 'flame-proof ”  and 
"flame-resistant”  } 

Mr.  Angell:  The  terms  are  used  interchange¬ 
ably.  The  Underwriters  Laboratories  have,  on 
occasion,  made  reference  to  flame-  or  fire-proof 
as  meaning  wood  that  has  been  chemically  im¬ 
pregnated  by  pressure. 


DIO  NOT  IGNTTE  • 


UNTREATED  SOUTHERN  Ptg 


DID  NOT  IGNITE  - 


UNTREATED  REDWOOD 


J _ I _ 1 _ L 


JLH 


-DIO  NOT  IGNITE 

UNTREATED.  DECAYED  SOUTHERN  PINE 


i: 


I  I  I  I _ I  I 


275  300  325  350  375  400  425 

EXPOSURE  TEMPERATURE  (*E) 


Fig.  3- — lotion  characteristics  of  untreated  sound 
redwood  ana  southern  pine  and  untreated  decayed 
southern  pine. 


Pit  U.  Desjardins  (International  Plywoods, 
Ltd.) :  I  am  interested  in  this  problem  because 
our  company  manufactures  birch  panels.  Have 
any  methods  been  developed  to  make  wood 
flame  resistant  without  at  the' same  time  affect¬ 
ing  the  natural  beauty  of  the  wood? 

Mr.  Angell:  Yes,  several  fire  retardant  treat¬ 
ments  are  colorless;  after  the  wood  is  dried, 
it  looks  almost  like  it  is  untreated. 

Bror  L.  Grondal  (University  of  Washing¬ 
ton):  It  appears  as  though  regulations,  re¬ 
strictions  and  specifications  covering  flame 
proofing  are  too  severe,  and  they  are  taking 
away  some  of  our  legitimate  markets  for  wood. 
Why  can’t  we  have  a  more  reasonable  inter¬ 
pretation  of  the  subject? 

Mr.  Angell:  What  you  say  may  be  tme. 
However,  the  Underwriters  Laboratories  have 
a  standard  testing  procedure  on  a  large-scale 
basis  and  I  believe  they  tested  most  of  the  com¬ 
mercial  formulations.  They  give  each  treatment 
a  numerical  classification  rating  based  on  0  for 
incombustible  and  100  for  combustible  (as  ob¬ 
tained  with  untreated  red  oak).  The  architect 
or  engineer  may  then  select  a  treatment  accord¬ 
ing  to  what  he  thinks  is  necessary.  Heavy 
treatment  may  not  be  necessary  in  many  cases. 
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Mr.  Grondat:  The  Underwriters  Laboratory 
does  not  recogniae  "fireproof  wood”.  I  think 
we  could  work  for  that  recognition. 

Mr.  Gottschdk:  During  the  war  we  were 
able  to  turn  out  flame-proofed  lumber  for  the 
Navy  at  a  cost  of  $30  to  $40  per  thousand 
board  feet.  The  Navy  specification  called  for 
resistance  to  a  temperature  of  1800®  F.  for  3 
minutes.  There  could  be  no  glow  persisting 
for  more  than  20  seconds.  Those  specifications 
were  too  rigid  and  they  required  too  much 
chemical  to  be  economically  feasible  except  for 
the  military.  One  of  the  worst  features  of  these 
Navy  specifications  was  that  it  set  a  precedent. 

Arm'tn  Elmendorf  (Elmendorf  Research 
Incorporated) :  Several  years  ago  we  were 
given  the  assigrunent  of  developing  fireproof 
pl3rwood  panels  for  use  as  bulkheads  or  parti¬ 
tions  in  ships  and  Pullman  cars.  We  experi¬ 
enced  no  great  difficulty  in  producing  plywood 
having  excellent  fire-resistance  by  using  some 
of  the  cohventional  salts  used  for  fireproofing 
wood,  but  the  potential  users  objected  to  the 
pungent  fumes  generated  when  the  plywood 
was  exposed  to  flames.  I  should  like  to  raise 
the  point  whether  suflicient  attention  is  being 


given  to  this  liability  of  wood  that  has  been 
treated  to  make  it  fire-resistant.^ 

Mr.  Angell:  The  Underwriters  Laboratories 
have  not  overlooked  this  point  in  testing  com¬ 
mercial  formulations.  As  far  as  I  know,  all  the 
formulations  tested  showed  less  smoke  in  the 
fire  test  than  untreated  wood. 

Mr.  Boehm:  As  a  result  of  tests  made  dur¬ 
ing  the  war,  the  Navy  considered  cellulose  it¬ 
self  among  the  most  toxic  materials  from  the 
standpoint  of  noxious  gases  emitted  at  high 
temperatures. 

Mr.  Behr:  Tests  were  made  by  the  Bureau 
of  Ships  during  the  war  on  analysis  of  gases 
from  burning  wood  and  from  heated  fire- 
retardant  treated  wood.  As  1  remember  the  re¬ 
sults,  the  gases  from  the  untreated  wood  con¬ 
tained  more  toxic  agents  than  those  from  the 
fire-retardant  treated  wood. 

Mr.  McLean:  The  choice  of  treating  chem¬ 
ical  will  depend  on  the  expected  highest  tem¬ 
perature  and  the  actual  use  of  the  treated 
lumber.  ' 

Mr.  Sward:  It  has  been  proven  that  the 
vapors  from  burning  paint  and  other  chemicals 
used  to  treat  and  preserve  wood  are  not  as 
dangerous  as  wood  vapors  themselves. 
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Wood  Waste  Disposal  and  Air  Pollution  Control 
in  the  Los  Angeles  Area' 

Edward  S.  Feldman 

Administrative  Assistant,  Furniture  Manufacturers  Association,  Los  Angeles,  California 

and 

Louis  M.  Rosnick 

Chief  Air  Pollution  Engineer,  Air  Pollution  Control  District,  Los  Angeles  County, 

Los  Angeles,  California 

The  intensification  of  the  air  pollution  problem  in  the  Los  Angeles  basin  combined  with  a  comprehensive 
set  of  regulations  regarding  air  pollution  adopted  by  the  1947  California  Legislature  have  fo.used  attention  on 
waste  disposal  methods  uted  by  wood-working  planu  in  the  area.  Cheap  oil  fuels  make  the  use  of  wood 
waste  for  fuel  purposes  uneronomical  and  incineration  is  the  common  dispo^  method.  Incomplete  co^ustion 
during  incineration  is  the  primary  cause  of  pollution  by  su  b  plants.  Analysis  is  made  of  the  quantity  of  wood 
waste,  methods  of  disposal,  principles  of  combustion  and  incinetator  design,  better  operation  of  existing 
equipment,  and  converaon  ana  reduction  of  waae. 


The  Frame  of  Reference 

A  IR  pollution  has  a  long  but  somewhat  dis- 
honorable  history.  As  far  back  as  1661, 
Sir  John  Evelyn  had  written  an  exten¬ 
sive  analysis  of  the  effects  of  London’s  smoky 
atmosphere  on  the  population  and  had  made 
comprehensive,  if  perhaps  unrealistic,  sugges¬ 
tions  for  cleaning  it  up  J. 

In  the  United  States,  smoke  regulations  have 
been  in  force  for  over  a  hundred  years  and 
there  are  over  75  municipal  control  ordinances 
on  the  books  (2).  The  National  Institute  of 
Municipal  Law  Officers  has  published  a  model 
ordinance  to  be  used  whenever  another  com¬ 
munity  decides  it  should  do  something  about 
controlling  atmospheric  pollution  (3). 

The  most  recent  and  most  comprehensive 
attempt  to  deal  with  air  pollution  is  taking 
place  in  Gilifornia  at  the  present  time. 
Although  Los  Angeles  has  long  suffered  from 
smoke  nuisance  and  although  a  considerable 
body  of  statute  and  case  law  has  grown  up 
attempting  to  circumscribe  it,  the  nuisance  from 
atmospheric  contamination  by  fumes,  gases  and 
dusts  in  recent  years  has  become  quite  intol¬ 
erable.  'The  term  "smog”  has  been  applied  to 

*The  authors  wish  to  express  their  gratitude  for 
suggestions  to  Dr.  Louis  C.  McCabe,  and  to  Mr. 
R(^:rt  L.  Chass,  Chief  Air  Pollution  Inspeaor,  Air 
Pollution  Control  District,  Los  Angeles  County,  Los 
Angeles,  California,  and  Mr.  A.  V.  MacDonald, 
Executive  Secretary  of  the  Los  Angeles  Furniture 
Manufacturers  Aswiation  for  reading  the  manu¬ 
script 


this  complex  of  atmospheric  contamination 
which  frequently  limits  visibility  to  a  few 
blocks  and  causes  irritation  of  eyes,  nose  and 
throat. 

Natural  G>nditions  Favoring  Air 
Pollution  in  the  Los  Angeles  Area 

Topography  and  meteorological  conditions 
have  a  great  influence  on  air  pollution  in  the 
Los  Angeles  basin.  (For  this  reason  what  is  said 
here  may  not  necessarily  have  general  applica¬ 
tion)  ('4  J.  High  mountain  ranges  surround  its 
basin  on  the  north  and  northeast.  Prevailing 
winds  during  most  of  the  year  are  westerly  or 
northwesterly  during  the  day  time.  The  average 
wind  velocity  is  less  than  six  miles  per  hour. 
These  on-shore  "sea  breezes”  move  gently  over 
the  area  from  approximately  8:30  in  the  morn¬ 
ing  until  midnight.  During  the  night  a  light 
land  breeze  develops  which  moves  down  the 
mountain  valleys  toward  the  sea-coast  at  less 
than  one  mile  an  hour.  In  the  summer  and 
early  fall,  temperature  inversion  limits  the  ver¬ 
tical  distribution  of  the  atmospheric  pollution 
and  the  local  winds  move  the  pollution  over 
the  area  from  the  west  during  the  day.  If  it 
does  not  escape  through  the  mountain  passes, 
the  night  breeze  returns  it — to  be  reinforced  by 
the  next  day’s  contamination.  The  inversion 
layer  is  very  resistant  to  turbulence  and  acts  as 
a  lid  to  hold  pollution  near  ffie  ground.  'The 
base  of  the  inversion  is  often  500  feet  above 
sea  level.  Visibility  is  greatly  restricted  at  times 
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of  low  inversion  and  eye  and  throat  irritation 
are  at  a  maximum.  (It  must  be  remembered 
that  the  Los  Angeles  area  is  the  only  large  in¬ 
dustrial  area  located  in  a  semi-arid  zone.) 

This  brief  summary  is  given  here  to  estab¬ 
lish  the  difference  of  the  Los  Angeles  area 
from  large  industrial  areas  elsewhere,  a  fact 
which  must  constantly  be  kept  in  mind  during 
the  course  of  this  paper. 

Local  action  and  the  law  of  nuisance  were 
realized  to  be  of  little  use  in  attacking  this 
complex  problem.  (A  comparison  of  areas  over 
which  various  county  enforcing  agencies 
throughout  the  country  have  jurisdiction  shows 
that  Los  Angeles  County  is  the  largest.  The 
county  consists  of  4,083  square  miles  and  is 
made  up  of  46  separate  incorporated  and  unin¬ 
corporated  areas) . 

Recent  Legislation 

As  a  result  in  1947,  the  California  Legisla¬ 
ture  adopted  certain  amendments  to  the  Health 
and  Safety  Code  of  the  State  (5)  thus  begin¬ 
ning  a  vast  and  new  experiment  in  atmospheric 
pollution  control  which  is  without  parallel  at 
the  present  time  with  respect  to  the  broadness 
of  its  approach — both  in  matters  to  be  attacked 
and  the  areas  to  be  covered.  This  statute  is  the 
first  one  of  its  kind  passed  in  the  United 
States  by  any  state  legislature,  and  what  is  be¬ 
ing  done  in  California,  and  more  specifically  in 
Los  Angeles  County,  will  undoubtedly  form  a 
precedent  in  many  respects  for  similar  action 
throughout  the  country  and  possibly  through¬ 
out  the  world. 

The  new  law  allows  any  California  county 
governing  body  (Board  of  Supervisors)  to 
establish  an  "Air  Pollution  Control  District” 
whenever  it  finds  that  the  air  within  the  county 
is  "so  polluted  with  air  contaminants  as  to  be 
injurious  to  health,  or  an  obstruction  to  the 
free  use  of  property,  or  offensive  to  the  senses 
of  a  considerable  number  of  persons,  so  as  to 
interfere  with  the  comfortable  enjoyment  of 
life  and  property.”  An  air  pollution  control 
officer  may  be  appointed  to  head  up  the  district. 

Certain  prohibitions  are  set  out  in  this  law, 
any  violation  of  which  is  a  misdemeanor,  and 
which  may  be  enjoined  in  a  civil  action.  The 
law  declares  that  no  one  is  to  discharge  into 
the  atmosphere  any  "air  contaminant”  for  a 
period  or  periods  aggregating  more  than  three 


minutes  in  any  one  hour  which  is  as  dark  or 
darker  in  shade  as  that  "designated  as  No.  2 
on  the  Ringelmann  Chart  ...  or  of  such 
opacity  as  to  obscure  an  observer’s  view  to  a 
degree  equal  to  or  greater  than”  does  the 
smoke  just  described. 

Now  smoke  is  the  only  air  contaminant 
which  has  any  specific  standard  written  into 
the  California  statute  itself.  With  reference  to 
other  contaminants  (and  these  include  charred 
paper,  dust,  soot,  grime,  carbon,  noxious  acids, 
fumes,  gases,  odors,  particulate  matter  or  any 
combination  of  these),  aside  from  the  general 
prohibition  against  nuisances,  the  air  pollution 
control  board  can  set  the  amount  to  be  emitted 
by  adoption  of  rules  and  regulation;. 

In  Los  Angeles  County  an  Air  Pollution 
Control  District  has  been  created,  and  its  rules 
and  regulations  state  that  no  person  may  dis¬ 
charge  into  the  atmosphere  any  particulate 
matter  in  excess  of  0.40  grains  per  cubic  foot 
at  the  point  of  discharge.  Lead,  zinc  oxide  and 
sulphur  fumes  are  also  curbed.  Other  limita¬ 
tions  or  standards  may  be  expected  in  the 
future  as  the  air  pollution  control  board  finds 
additional  emissions  which  may  pollute  the  air. 

Enforcement 

One  of  the  methods  of  enforcing  the  law  is 
through  a  system  of  operating  permits.  Any 
person  building,  erecting,  altering,  replacing, 
operating  or  using  on  or  after  February  1, 
1948,  any  article,  machine,  equipment  or  other 
contrivance,  the  use  of  which  may  cause  the 
issuance  of  air  contaminants,  must  first  obtain 
a  permit  for  such  operation  (6). 

Furthermore,  any  person  building,  erecting, 
altering  or  replacing  (if  the  cost  is  over 
1300.00)  any  article,  machine,  equipment  or 
other  contrivance,  the  use  of  which  may  cause 
the  issuance  of  air  contaminants  must  first  file 
plans  and  specifications  with  the  Air  Pollution 
Control  District  and  obtain  authority  to  con¬ 
struct  before  starting  work.  Before  authority  to 
construct  is  granted,  it  must  be  shown  that 
every  item  is  so  designed  or  constituted,  or 
equipped  with  such  air  pollution  control  equip¬ 
ment,  that  with  proper  supervision  and  use  it 
may  be  expected  to  operate  without  emitting 
air  contaminants  in  violations  of  the  \diw(7). 

A  permit  may  be  suspended  or  revoked, 
however,  if  any  violations  of  law  occur.  Any- 
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one  operating  without  a  permit  or  contrary  to 
its  terms  may  be  guilty  of  a  misdemeanor.  Fur¬ 
thermore,  the  air  pollution  control  officer  may 
request  and  must  be  given  information  by  the 
applicant  which  the  officer  feels  is  necessary  to 
have  in  granting  a  permit  (8). 

If  one  is  unhappy  with  a  particular  ruling 
of  the  air  pollution  control  officer,  he  may  go 
to  a  Hearing  Board  which  is  composed  of  two 
lawyers  and  one  engineer.  The  Board  may 
grant  a  variance  or  other  relief  from  the  gen¬ 
eral  limits  of  the  law  as  the  facts  warrant.  Inci¬ 
dentally,  it  should  be  pointed  out  that  the  air 
pollution  control  officer  does  not,  himself,  per¬ 
manently  revoke  a  permit.  Rather  he  must  re¬ 
quest  the  Hearing  ^ard  to  do  this. 

Appeal  may  be  had  from  an  adverse  ruling 
of  the  Hearing  Board  in  the  form  of  a  trial  de 
novo  of  the  reasonableness  and  legality  of  the 
prior  decisions  on  all  issues  of  law,  fact  and 
opinion  in  the  Superior  Court. 

Such  then  is  the  topographical  and  meteor- 
logical  setting  of  the  problem  and  the  legal 
tools  available  for  solving  it.  It  is  not  likely 
that  we  can  hope  for  a  return  of  idyllic  condi¬ 
tions  of  unpolluted  atmosphere.  The  best  we 
can  probably  do  is,  as  stated  in  the  California 
law,  to  '  reduce  air  contaminants  in  order  to 
safeguard  life,  health,  property,  and  the  public 
welfare  and  to  make  possible  the  comfortable 
enjoyment  of  life  and  property”  (9).  And  we 
must  do  this  without  destroying  the  huge  in¬ 
vestment  in  industry  which  supports  the  econ¬ 
omy  of  the  area. 

Contribution  of  Wood  Processing  Industries 

to  Atmospheric  Pollution  in  the  Area 

The  amount  of  wood  waste  in  the  Los  An¬ 
geles  area — in  the  form  of  wood  shavings,  saw¬ 
dust  and  blocks — has  been  reliably  estimated  to 
be  some  5000  tons  daily.  This  wood  waste  rep¬ 
resents  at  least  80  billion  Btu!  It  is  equivalent 
to  the  amount  of  refuse  created  by  a  population 
of  two  million  people.  Surveys  of  the  furni¬ 
ture  manufacturing  and  retail  lumber  industries 
in  Los  Angeles  indicate  that  most  of  their  wood 
waste  is  destroyed  by  incineration  at  the  site. 

In  Los  Ahgeles  the  problem  of  wood  waste 
disposal  is  unique  because  the  waste  cannot  be 
utilized,  as  in  other  areas,  for  heat  and  power. 
It  must  be  destroyed,  for  in  its  unconverted  state 


it  has  no  commercial  value.  If  we  assume  this 
latter  condition  to  be  true  for  our  purposes 
here,  it  follows  logically  that  our  problem  is  to 
dispose  of  the  waste  in  the  most  economical 
fashion  compatible  with  the  laws  of  California 
pertaining  to  atmospheric  pollution,  public- 
nuisances  and  fire  hazards. 

Today  we  do  not  utilize  the  wood  waste  in 
this  area  for  fuel  primarily  because  there  are 
no  facilities  to  utilize  this  great  release  of  heat. 
These  facilities  have  not  been  made  available 
because  there  has  been  no  need  for  this  heat. 
There  are  sufficient  quantities  of  low  cost  fuel 
oil  for  the  small  need.  Furthermore,  the  users 
of  the  heat  are  so  wide-spread  in  point  of  plant 
location  in  the  area  that  central  heating  systems 
are  not  economically  feasible.  And,  the  pro¬ 
ducers  of  the  wood  waste  are  so  scattered  about 
that  collection  of  the  waste  to  a  central  place 
is  a  difficult — although  probably  not  insolv- 
able — matter. 

Due  to  the  peculiar  topography  and  meteor¬ 
ology,  the  minimal  standards  of  emission  which 
exist  elsewhere  are  not  adequate  here  to  cope 
with  the  problem  of  air  pollution  posed  by  the 
combustion  of  this  wood  waste.  '’OC^en  we  have 
incomplete  combustion,  we  observe  that  smoke, 
fly  ash,  aldehydes  and  possibly  other  contam¬ 
inants  escape  into  the  atmosphere.  When  the 
smoke  is  too  dense,  the  fly  ash  or  particulate 
matter  too  heavy,  or  the  aldehydes  too  concen¬ 
trated,  not  only  may  the  destruction  of  wood 
waste  be  violating  the  law,  but  it  may  actually 
be  responsible  for  some  of  the  lachrymating 
effect  of  the  smog.  Thus  a  fairly  recent  study 
indicated  that  some  individuals  are  quite  sensi¬ 
tive  to  aldehydes  and  seem  to  exhibit  severe 
responses  to  nose  and  eye  irritation,  often  with 
profuse  nasal  secretion  and  lachrymation  (10). 

The  problem,  then,  which  will  be  the  sub¬ 
ject  of  the  remainder  of  this  paper  is  the  dis¬ 
posal  of  this  waste  material  as  described  above 
within  the  limitations  as  set  out  here. 

The  Disposal  of  Wood  Waste 
by  Incineration 

Rather  than  allow  the  wood  waste  to  pile 
up  and  ocoipy  valuable  space  and  create  a  fire 
hazard  the  simplest  and  cheapest  method  of 
disposal  is  by  burning.  In  the  past,  burning  was 
carried  on  in  open,  unenclosed  spaces.  Some- 
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times,  to  conform  to  fire  regulations,  an  en¬ 
closed,  single  combustion  chamber  was  used, 
but  in  no  case  was  the  amount  of  smoke  or  fly 
ash  emitted  into  the  atmosphere  given  any 
consideration. 

At  the  outset  we  will  do  well  to  take  note 
of  the  distinction  between  the  incinerator  and 
the  boiler.  A  fundamental  d^tinction  can  be 
made  as  to  the  purpose  of-ipach  device.  It  is 
the  purpose  of  the  incinerator  to  destroy  the 
material  without  the  utilization  of  the  heat  re¬ 
leased,  whereas  the  purpose  of  the  boiler  is  to 
utilize  the  material  as  a  fuel  to  obtain  steam  or 
hot  water.  An  incinerator  can  be  converted  into 
a  waste-heat  boiler  if  we  choose  to  utilize  the 
heat  created. 

Combustion  and  Combustion  Products 

In  either  case  our  concern  is  combustion, 
which  may  be  defined  simply  as  rapid,  high 
temperature  oxidation.  Let  us  see  what  hap¬ 
pens  when  wood  waste  burns.  Below  500®  F. 
volatiles  are  distilled  oflF.  Above  540®  F.  exo¬ 
thermic  reactions  take  place  and  the  distillation 
of  the  volatiles  continues  with  the  evolution  of 
about  six  percent  of  the  total  available  heat. 
Above  1100°  F.  volatile  gases  are  ignited.  This 
is  true  providing  the  woods  are  not  too  wet, 
since  the  evaporation  of  moisture  absorbs  about 
1,000  Btu  per  pound  of  moisture  present  (11). 

With  the  exception  of  combustion  of  ele¬ 
mentary  carbon,  oxidation  reactions  occur  in 
the  gas  phase  (12).  The  combustion  mecha¬ 
nism  is  that  of  rapid  chain  reaction.  Chain 
reactions  in  the  combustion  of  fuels  are  vastly 
complicated.  The  type  and  predominance  of 
the  various  chain  steps  depend  to  some  extent 
upon  the  type  of  fuel,  but  since  the  essential 
chemical  ingredients  of  all  fuels  are  carbon 
and  hydrogen,  the  process  of  burning  is  con¬ 
trolled  more  by  external  factors  such  as  con¬ 
centrations,  temperature,  and  the  manner  of 
mixing  of  the  primary  or  secondary  air  supply, 
than  by  the  difference  of  composition  and 
other  characterises  of  the  fuel.  Because  of 
their  complexity,  neither  qualitative  nor  quan¬ 
titative  knowledge  of  chain  reactions  in  com¬ 
bustion  is  complete. 

At  the  temperature  of  combustion,  hydro¬ 
carbons,  rapidly  dissociate  into  free  hydro¬ 
carbon  radicals.  The  hydrocarbon  radicals  are 
liable  to  oxygen  attack,  and  highly  reactive,  un¬ 


stable  oxygenated  compounds  or  radicals  are 
formed  which  have  only  transitory  lives.  Nev¬ 
ertheless,  it  is  now  generally  accepted  that  only 
through  successions  of  these  active  radicals  are 
the  carbon  and  hydrogen  of  fuels  converted  by 
complete  combustion-  into  carbon  dioxide  and 
water.  Aldehydes,  although  likewise  of  transi¬ 
tory  existence,  are  essential  links  in  the  com¬ 
bustion  process. 

Combustion,  it  is  darkly  stated,  depends 
upon  the  "three  Ts”:  temperature,  time  (of 
exposure  in  combustion  chamber)  and  turbu¬ 
lence.  These  are  all  vital  factors  in  efficient 
combustion.  There  must  be  sufficient  time  to 
ignite  and  burn  the  fuel  completely;  the  tem¬ 
perature  must  be  high  enough  to  ignite  and 
burn  the  fuel  properly,  and  in  order  to  burn 
the  fuel  completely,  there  must  be  sufficient 
turbulence  in  the  furnace  to  insure  thorough 
mixture  of  the  gases,  or  some  will  escape  with¬ 
out  being  burned  (13). 

When  these  factors  are  in  perfect  relation¬ 
ship  to  each  other,  we  should  have  smokeless 
burning — because  we  should  have  perfect  and 
complete  combustion.  On  the  other  hand,  when 
they  are  not  in  harmonious  relationship  we 
have  incomplete  combustion  which  causes  (1) 
smoke,  creating  a  nuisance  and  adding  to  the 
smog;  (2)  eye  irritants,  such  as  aldehydes, 
alkyl-peroxides  and  other  organic  compounds; 
and  (3)  particulate  matter  (such  as  fly-ash  and 
soot)  which  may  create  a  local  nuisance.  Quite 
frequently,  such  incomplete  combustion  will 
result  in  violations  of  air  pollution  control  laws. 

In  the  single  combustion  chamber  type  of 
incinerator  (variously  called  "silo"  type  or  "en¬ 
closed  bonfire”)  which  is  almost  characteristic 
of  the  West  Coast,  we  have  no  control,  really, 
of  any  of  these  three  Ts.  We  can  attempt  some 
control  of  turbulence,  by  the  installation  of  air 
blowers,  or  air  ports.  But  since  the -other  two 
elements  are  not  controlled  we  may  still  have 
incomplete  combustion. 

As  a  matter  of  theoretical  consideration, 
even  the  single  combustion  chamber  could  be 
made  to  work  under  a  system  of  careful  feed 
and  control.  But  it  is  not  economical  in  the 
small  plant  where  we  have  erratic  feed  in  type 
and  amount  and  where  we  have  only  super¬ 
ficial  attention  paid  to  the  burning  operation. 
The  reason  for  the  existence  of  this  type  of  in- 
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cinerator  at  all  is  because  it  costs  relatively  little 
to  build  and  the  construction  is  simple.  It  is 
only  the  advent  of  strict  laws  which  has  caused 
manufacturers  and  users  of  such  equipment  to 
examine  the  principles  upon  which  these  in¬ 
cinerators  are  being  utilized. 

Recommendations  Set  Up  to 
Aid  Wood  Using  Industries 

In  order  to  help  owners  of  incinerators  to 
comply  with  air  pollution  control  laws  (and 
thus  protect  their  investment  in  the  single 
chamber  type  of  incinerator),  the  Los  Angeles 
Furniture  Manufacturers  Association,  in  con¬ 
junction  with  the  Los  Angeles  Air  Pollution 
Control  District,  has  promulgated  standing  op¬ 
erating  procedures  to  be  applied  in  operating 
the  silo-type  incinerator.  It  will  be  seen  that 
they  simply  seek  to  obtain  the  conditions  which 
are  ideal  for  complete  combustion.  Conscien¬ 
tious  application  of  these  rules,  it  is  believed, 
will  enable  the  operator  to  arrive  at  more  com¬ 
plete  combustion  and  thus  stay  within  the  legal 
limitations  which  have  been  established: 

"1.  The  California  Health  and  Safety  Code 
prohibits  emission  of  dense  smoke  for  more 
than  3  minutes  in  any  one  hour.  There  are 
also  strict  limitations  on  emission  of  particulate 
matter  and  of  fumes  and  gases.  Any  person 
who  violates  the  state  law  or  a  Rule  or  Regula¬ 
tion  of  the  Air  Pollution  Control  District  is 
guilty  of  a  misdemeanor.  This  includes  both 
the  owner  of  the  incinerator  and  the  immediate 
operator. 

"2.  Basically,  as  high  a  temperature  as  pos¬ 
sible,  must  be  maintained  at  all  times  to  insure 
complete  combustion.  This  temperature  should 
be  at  least  1200°  Fahrenheit. 

"3.  Do  not  use  the  incinerator  until  enough 
waste  material  has  been  accumulated  to  warrant 
its  use.  This  may  mean  burning  the  scrap  or 
waste  material  some  time  after  starting  up  the 
plant,  or  it  may  mean  burning  it  only  on 
alternate  days. 

"4.  Incinerators  are  designed  for  a  given 
quantity  of  combustibles.  Should  this  quantity 
vary  greatly,  either  black,  white,  or  brown 
smoke  will  result. 

”3.  Generally  speaking,  when  black  smoke 
is  emitted,  there  is  insufficient  air  getting  into 
the  incinerator.  If  white  or  brown  smoke  is 
emitted,  there  ‘is  too  much  air.  (Too  much  air 


has  the  effect  of  cooling  down  the  fire  below 
the  temperature  required  for  complete  com¬ 
bustion.) 

"6.  Should  the  conditions  in  the  plant 
change,  corresponding  adjustments  to  the  in¬ 
cinerator  should  be  made  immediately.  These 
changes  usually  mean  adjusting  the  quantity 
of  air  getting  into  the  incinerator,  or  throwing 
in  additional  scrap  wood  to  help  increase  the 
temperature. 

"7.  There  are  three  ways,  at  least,  in  which 
air  can  get  into  the  incinerator: 

(a)  Through  the  charging  door, 

(b)  Through  the  blower  system, 

(c)  Through  the  air  ports  around  the  cir¬ 
cumference  of  the  incinerator. 

"8.  When  the  charging  door  is  closed,  and 
the  incinerator  is  still  emitting  white  or  brown 
smoke,  one  of  three  things  must  be  done 
immediately: 

(a)  Regulate  the  amount  of  air  entering 
through  the  air  ports, 

(b)  Increase  the  amount  of  material  going 
into  the  incinerator, 

(c)  Or  both. 

"9.  Never  open  the  charging  door  when  the 
blower  system  is  on.  Keeping  the  charging 
door  open  when  the  blower  system  is  on,  in¬ 
creases  the  speed  with  which  the  sawdust  will 
leave  the  incinerator  through  the  top  of  the 
screen.  This  will  result  in  a  heavy  discharge  of 
fly  ash  and  a  possible  nuisance.  It  will  also 
cool  the  fire  quite  rapidly  to  the  point  where 
smoke  will  appear. 

"10.  Use  scrap  lumber  to  good  advantage 
especially  during  such  periods  as  the  lunch 
hour,  the  time  prior  to  the  starting  up  of  the 
incinerator,  and  any  other  times  in  which  the 
flow  of  material  from  the  machine  is  at  a  low 
ebb. 

"11.  Should  the  practice  of  accumulating  the 
material  in  the  incinerator  be  followed,  ex¬ 
treme  caution  should  be  taken  to  insure  that 
there  are  no  smoldering  embers  remaining.  If 
there  are,  the  embers  and  ashes  should  be 
scraped  out  of  the  incinerator  or  removed  by 
some  other  means.  Gire  should  be  exercised  to 
prevent  the  material  from  piling  up  higher 
than  one  foot  below  discharge  vent  into  iri 
cinerator. 
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"i2..Do  not  burn  so  much  material  at  one  a  chance  to  burn  when  mixed  with  the  proper 

time  that  the  flames  reach  the  screen  of  the  amount  of  air  in^  the  second  chamber.  We  have 

incinerator.  already  noted  that  in  the  single  chamber  incin- 

"IS-  It  is  entirely  possible  ,tO  burn  such  ma-  erator,  the  gases  can  escape  without  burning, 
terials  as  oily  rags  and  material  containing  Experience  and  study  of  ignition  tempera- 
paints  and  lacquers  providing  these  items  are  tures  (14)  indicate  that  1200°  F.,  especially 
thrown  into  the  incinerator  in  very  small  quan-  in  the  secondary  combustion  chamber,  is  essen- 
tities  and  only  when  extremely  high  tempera-  tial  to  smokeless  burning.  Design  must  be  such 
tures  exist.  that  it  always  assures  a  sufficient  supply  of  air 

"14.  The  incinerator,  even  though  there  are  to  complete  this  combustion  both  in  the  pri- 

no  moving  parts,  should  be  kept  in  good  repair,  mary  (or  furnace)  and,  most  importantly,  in 

This  includes  plugging  all  leaks  in  the  blower  the  secondary  chambers.  Too  little  air  or  too 

system,  plugging  the  leaks  at  the  point  where  much  air,  as  we  have  seen,  will  result  in  smokel 

the  material  enters  the  incinerator,  maintaining  Adequate  air  supply  must  be  provided  by  main- 

the  devices  for  regulating  the  amount  of  air  tenance  of  proper  pressures  and  drafts  at  vari- 

entering  through  the  air  ports,  insuring  close  ous  points. 

lit  for  the  charging  door,  cleaning  out  the  Auxiliary  fuels,  such  as  gas  or  oil,  may  be 
accumulated  ash  regularly,  keeping  the  fire  needed  to  give  more  adequate  control  of  the 

brick  in  good  repair,  and  maintaining  a  clean  temperature.  Perhaps  90  per  cent  of  multiple 

and  whole  screen  on  top  of  the  incinerator.  chamber  incinerators  haVfe  auxiliary  heat  in  the 
"ly.  Few  of  these  rules  of  good  operation  form  of  gas  burners.  Such  fuels  may  be  intro- 

of  incinerators  will  operate  automatically,  duced  either  into  the  primary  or  secondary 

Close  surveillance  must  be  kept  on  the  burning  chambers  or  into  both  of  them, 

operation  and  action  must  be  taken  quickly  Turbulence  is  easier  to  maintain  in  the  mul- 
when  a  violation  is  discovered.  Nor  will  the  tiple  chamber  incinerator.  A  bridge  wall  will 

rules  here  given  take  care  of  an  incinerator  force  the  air  to  change  direction.  Secondary 

which  is  not  in  good  repair  nor  will  they  take  air»  if  introduced  at  this  point,  will  give  a  tur- 

care  of  an  incinerator  which  is  not  designed  bulent  effect,  and  the  added  oxygen  will  serve 

for  the  purpose  for  which  it  is  used;  but  they  to  complete  the  combustion.  Of  course,  the  in¬ 
will,  if  applied  conscientiously,  facilitate  the  cinerator  must  be  designed  so  heat  velocity,  as 

use  of  the  incinerator  with  a  minimum  of  such,  through  the  secondary  chamber  gives  the 

difficulty.”  gas  carrying  the  fly  ash  time  to  let  the  particu- 

.  late  matter  settle  out.  And  the  abrupt  change 

Multiple-Chamber  Incinerators  direction  of  the  gases  caused  by  the 

Since  the  silo-type  incinerator  is  so  difficult  several  chambers  will  assist  greatly  in  this  set- 
to  control,  designers  have  turned  to  multiple  tiing  out  of  the.  particulate  matter, 
chamber  incinerators  as  a  solution.  By  virtue 

of  its  construction,  this  type  of  incinerator  will  Mechanical  Devices 

overcome  several  of  the  difficulties  of  the  single  Increase  Incinerator  Efficiency 

chamber.  For  example,  the  immediate  escape  Some  mechanical  devices  are  available  for 

of  hot  gases  is  retarded  more  easily  when  there  use  with  all  incinerators.  Thus  turbulence  may 

is  more  than  one  chamber.  be  maintained  by  using  a  mechanical  blower. 

We  have  already  seen  that  maintenance  of  Fly  ash  nuisance  may  be  attacked  by  the  use  of 

adequate  temperatures  is  an  important  require-  a  water  spray  or  filter.  These  add,  of  course,  to 

ment  to  smokeless  burning.  In  the  multiple  the  cost  of  construction  of  the  incinerator, 
chamber  incinerator,  proper  temperatures  are  Mechanical  smoke  indicators  by  themselves 
easier  to  maintain  because  retaining  and  bridge  do  not  solve  the  problem  of  incomplete  corn- 

walls  become  hot  refractory  surfaces  which  re-  bustion.  They  serve  only  to  act  as  a  warning 

ceive  heat  from  the  flame  and  transmit  it  to  the  that  smoke  may  be  too  dense.  A  smoke  indi- 

colder  portions  of  the  burning  mixture,  thus  cator  is  certainly  of  little  value  when  the  stack 

increasing  the  rates  of  ignition  and  cwnbustion.  is  in  the  open,  for  the  emissions  from  the  stack 

At  proper  temperatures,  unbumed  gases  have  should;  be  visible  to  whoever  is  responsible  for 
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its  effective  and  efficient  operati(xi.  Indicators 
are  of  some  value  where  the  heat  is  being  util¬ 
ized,  however,  and  in  that  case  they  can  save 
money. 

Operation  Must  Not  Be  Slighted 

Although  design  is  vitally  important  for  the 
proper  functioning  of  an  incinerator,  operating 
technique  is  perhaps  even  more  important.  No 
incinerator  will  work  properly  with  improper 
operating  procedure.  For  that  matter,  neither 
will  a  lx>iler  operate  correctly,  if  improperly 
handled. 

There  is  an  inclination,  on  the  part  of  the 
user  of  the  incinerator,  because  he  earns  noth¬ 
ing  from  the  destruction  of  waste  wood,  to 
slough  off  the  operation  of  his  incinerator  on 
an  unskilled  worker.  But  it  is  clear,  as  a  result 
of  existing  legislation  and  present  administra¬ 
tion,  that  the  task  of  incineration  must  be 
taken  more  seriously.  The  operating  rules  cited 
before  certainly  offer  a  starting  place  in  edu¬ 
cation  of  management  and  employees  towards 
cleaner  and  more  efficient  incinerator  operation. 

Good  operation,  too,  will  usually  take  care 
of  such  troublesome  matters  as  sander  dust  and 
oily  rags.  Sander  dust  is  a  problem  frequently 
encountered  in  the  burning  of  wood  waste.  In 
the  single  chamber  or  silo-type  incinerator,  be¬ 
cause  we  have  so  little  control  over  time  of 
exposure  and  air,  the  dust  may  go  out  the  stack 
before  it  burns.  But  the  multiple  chamber  by 
its  nature  overcomes  this  difficulty.  As  for  the 
silo,  there  is  probably  no  more  effective  solu¬ 
tion  than  feeding  the  sander  dust  in  with  all 
other  waste  to  be  sure  that  it  has  a  chance  to  be 
mixed  with  the  waste  and  remain  in  the  incin¬ 
erator  until  it  is  completely  burned.  (We  are 
not  concerned  here  with  sander  dust  which  is 
so  fine  that  it  escapes  from  the  cyclone  before 
it  gets  to  the  incinerator) . 

In  this  connection,  it  is  well  to  consider  pro¬ 
viding  a  system  of  uniform  feed  for  the  incin¬ 
erator.  This  will  help  combustion,  •  too.  A 
method  which  may  be  used  is  to  provide  .  a 
storage  bin  for  the  waste,  and  to  allow  the 
waste  to  be  fed  into  the  incinerator  by  use  of  a 
conveyor  belt  or  screw  conveyor.  This  system 
can  be  used  with  single  or  multiple  types  of 
incinerators. 

Burning  of  oily  rags  is  merely  a  matter  of 
temperature.  When  the  fire  is  hot  enough  the 


rags  may  then  be  introduced  and  should  burn 
smokelessly. 

Outside  of  incineration,  waste  may  be  dis¬ 
posed  of  by  open  burning  and  by  cut,  fill  and 
cover  methods.  The  former  method  is  now  ille¬ 
gal  in  Los  Angeles  County,  and  the  latter 
method  is  somewhat  impracticable  due  to  the 
bulk  of  the  sawdust,  blocks  and  shavings. 

Conclusions 

Users  of  incinerator  equipment  in  the  Los 
Angeles  area  have  been  forced  to  examine  that 
equipment  in  the  light  of  considerations  other 
than  merely  the  getting  rid  of  troublesome 
waste.  Law  and  reg\ilation  require  that  careful 
attention  be  given  to  burning  or  otherwise  dis¬ 
posing  of  waste  in  a  way  which  is  not  harmful 
to  the  community.  Consequently,  a  duty  has 
been  thrown  upon  the  manufacturers  of  incin¬ 
erators  to  fill  a  definite  need.  We  may  indicate 
in  a  general  way  what  events  should  take  place 
to  help  solve  the  problems  which  have  been 
created. 

In  the  first  place,  it  is  clear  that  designers 
and  manufacturers  of  incineration  equipment 
will  have  to  acquire  more  data  about  burning 
of  wood  waste.  Many  incinerators  are  designed 
from  data  taken  from  coal  burning  boilers,  but 
experience  has  shown  that  such  data  cannot  be 
used  indiscriminately.  We  must  know  how 
much  air  is  needed  for  complete  combustion, 
where  it  should  be  introduced,  the  rate  of  air 
flow  through  the  incinerator,  as  well  as  the 
optimum  amount  of  refuse  per  square  foot  of 
grate  area  and  proper  temperatures.  The  de¬ 
gree  of  utilization  of  combustion  space  must  be 
considered,  too.  Definite  values  for  the  amount 
of  space  which  is  required  for  combustion  are 
hard  to  find  in  the  literature  because  of  the 
large  number  of  variables  which  obscure  the 
effect  of  each  individual  variable. 

Secondly,  incinerator  operators  must  take 
seriously  the  task  of  learning  what  makes  the 
incinerator  tick  and  impress  upon  operating 
personnel  that  there  are  ways  in  which  they 
can  make  the  incinerator  burn  in  compliance 
with  the  law. 

Thirdly,  we  must  continue  to  seek  ways  of 
utilizing  the  wood  waste  which  is  produced. 
This  is  not  the  place  to  go  into  that  subject. 
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for  the  literature  on  this  matter  is  already  over¬ 
whelming. 

Finally,  some  ways  must  be  found  to  cut 
down  on  the  amount  of  wood  waste  produced. 
It  seems  fantastic  that  the  amount  of  wood 
waste  we  have  mentioned  at  the  outset  should 
go  up  in  flame  and  smoke,  in  just  one  area  of 
this  country. 

The  wood  processor  must  pay  for  the  lumber 
which  dissipates  itself  as  waste,  he  must  pay 
transportation  charges  for  hauling  it  to  his 
mill,  he  must  spend  money  in  ways  to  produce 
the  wood  waste,  and  he  has  to  pay  again  to 
dispose  of  it. 

From  the  point  of  view  of  national  conser¬ 
vation,  then,  as  well  as  from  the  point  of  view 
of  the  individual,  economical  operation,  inten¬ 
sive  study  and  effort  must  be  spent  in  seeking 
methods  of  operation  which  will  utilize  our 
lumber  supply  more  effectively  and  with  much 
less  waste. 
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Prediction  of  Pulp  Mill  Pollution* 

John  P.  Tully 

Pacific,  Oceanographic  Group,  Pacific  Biological  Station,  Nanaimo,  B.  C. 


This  paper  describes  procedures  for  calculating  the  effects  of  waste  sulfite  liquor  on  biochemical  oxygen 
demand  in  waters  of  known  charaaerisdcs.  It  describes  how  such  calculations  were  used  to  predict  pollution 
to  be  produced  bv  a  proposed  pulp  mill  and  to  provide  for  controlling  stich  pollution  by  suitable  plant  design 
and  o^ration.  The  predictions  have  been  subsequently  proven  by  actual  operation  of  the  mill  in  question. 


Introduction 

URING  the  past  generation  there  has 
been  continuous  disagreement  between 
industry  and  fisheries  conservationists 
over  the  pollution  of  natural  waterways  by 
pulp  mill  sewage.  Both  agree  that  the  waste 
liquors  can  pollute  the  waters  and  kill  the  fish. 
Pulp  mill  owners  argue  that  the  loss  of  a  "few 
fish’’  is  inconsequential  compared  to  the  bene¬ 
fits  from  a  large  development  employing  hun¬ 
dreds  of  men.  The  conservationists  point  out 
that  the  fisheries  are  an  industry  in  themselves, 
comparable  in  magnitude  to  the  pulp  industry. 

Regardless  of  the  rights  or  wrongs  in  indi¬ 
vidual  cases,  it  is  poor  social  economy  to  de¬ 
velop  one  industry  at  the  expense  of  another. 
Such  a  course  leads  to  litigation,  subsidies,  re¬ 
strictions,  and  other  parasitical  expenses,  which 
can,  and  frequently  do,  absorb  the  profit  margin 
in  desirable  industrial  development. 

'Therefore  it  is  the  responsibility  of  scientists 
and  engineers  to  anticipate  the  problems,  and 
adjust  the  undertakings  so  that  each  resource 
may  be  developed  to  the  highest  economic  lev¬ 
els  without  depredations  on  neighboring  in¬ 
dustries  or  persons.  With  this  background  the 
avoidance  of  pulp  mill  pollution  becomes  an 
economic  and  social  problem,  as  well  as  a  tech¬ 
nical  undertaking. 

Heretofore,  the  effect  of  industrial  pollution 
was  not  realized  until  it  was  accomplished,  and 
was  almost  invariably  followed  by  attempts  at 
remedial  measures  which  are  generally  expen¬ 
sive  and  ineffectual.  Recently  it  has  been  pos¬ 
sible  to  establish  a  measure  of  pollution,  and 
in  the  case  of  the  pulp  industry,  to  predict  the 
state  likely  to  result  from  a  given  development. 


Obviously  it  is  most  efficient  to  predict  the  de¬ 
gree  of  pollution,  and  adjust  the  development 
in  the  planning  stage.  Even  in  the  cases  where 
pollution  already  exists  it  is  advantageous  to 
measure  its  degree,  and  be  in  a  position  to 
estimate  the  corrective  measures  required. 

Fisheries 

Salmon,  herring,  and  halibut  constitute  the 
principal  Canadian  fisheries  on  the  Pacific 
Coast.  Halibut  being  an  offshore  fishery  is  not 
affected  by  industrial  pollution.  Herring  come 
to  inshore  waters  to  spawn  and  there  is  no  evi¬ 
dence  as  yet  that  they  have  been  adversely 
affected,  but  the  salmon  are  very  vulnerable. 

Salmon  spawn  in  streams,  lakes,  and  rivers 
where  the  eggs  and  young  remain  for  a  period 
of  a  few  months  to  a  year  or  more.  They  go 
to  sea,  attain  maturity,  and  return  to  the  fresh 
water  to  spawn  and  die.  Aside  from  the  radio¬ 
active  debris  from  Atomic  bombs,  there  are  no 
pollution  factors  likely  to  have  an  economic 
effect  in  the  open  sea.  However  pollution  or 
obstruction  of  fresh  waterways  can  be,  and 
sometimes  is,  of  principal  economic  importance. 

Types  of  Pulp  Mill  Locations 

In  general  pulp  mills  that  discharge  their 
waste  into  large  seaways,  where  infinite  dilution 
of  the  sewage  is  quickly  attained,  are  not 
sources  of  economic  pollution.  Such  instances 
are  represented  by  the  wood  fiber  plant  on 
Howe  Sound,  British  Columbia  Pulp  and  Paper 
mill  in  Quatsino  Sound,  and  the  Powell  River 
development  on  Georgia  Strait. 

A  second  type  of  economically  inconsequen¬ 
tial  pollution  is  represented  by  the  pulp  mill  at 
Ocean  Falls,  B.  C.,  where  the  sewage  is  dis¬ 
charged  into  a  small  inlet  that  never  had  a 
fishery. 


Presented  by  title  only. 
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The  risk  of  pollution  occurr  when  the  pulp 
mill  waste  is  discharged  into  a  waterway  where 
dilution  is  limited.  Such  cases  are  demon¬ 
strated  by  the  developments  in  Gray’s  Harbor, 
and  Oakland  Bay,  Wash. 

Theory  of  Pollution 

Regardless  of  the  nature  of  the  -pollution, 
there  must  be  some  level  at  which  it  can  be 
tolerated  by  the  life  in  any  environment.  This 
implies  that  there  are  degrees  of  pollution,  less 
than  the  critical  level,  which  are  tolerable. 
Therefore  the  degree  of  pollution  (P)  may  be 
defined  in  a  completely  general  sense  by 
p  Pollution  effects 

Limit  of  tolerance  '  ' 


where  the  effects  and  limits  are  expressed  in 
comparable  terms.  Then  the  state  is  tolerable 
while  the  degree  of  pollution  is  one  or  less 

^tolerable  ^  1 


It  remains  to  define  and  evaluate  the  terms  of 
this  equation  in  any  given  instance. 

In  the  case  of  pulp  mill  pollution,  it  is  the 
consensus  of  the  literature  that  the  only  pollu¬ 
tion  effect  of  waste  sulphite  liquor  that  is  of 
consequence,  at  dilutions  of  500  parts  per  mil¬ 
lion  or  greater,  is  the  biochemical  oxygen  de¬ 
mand  (B.O.D.).  Further,  the  maximum  toler¬ 
able  oxygen  depletion  is  60  percent  of  the 
oxygen  solubility  (DO) .  Then  '  the  limiting 
tolerable  pollution  would  occur  when 


P  = 


B.O.D. 
0.6  (DO) 


(2) 


in  a  volume  that  was  initially  saturated  with 
dissolved  oxygen. 


Table  1. — Production  Characteristics  of  the 
Proposed  Pulp  Mill 


Rate  of  production 

(tone  of  pulp  per  day) . . . . .  13.5 

Waate  aulpnite  liquor  (digester  liquor) 

(gallons  U.S.  per  day).. .  308,  000 

(cu.  ft.  per  day) _ _ _ _  41,200 

Mean  rate  of  discharge  (e.f a.) . .  0. 477 

Density  of  digester  liquor .  1.048 

Percent  solids  in  solution . . . . .  li-12 

Wash  water  (gallons  U.S.  per  day). . .  5,  650,  000 

(cu.  ft.  per  day).. . . .  766,  000 

Miscrilaneous  water  from  the  mill 

(U.S.  gal.  per  day)... .  1,  500,  000 

(cu.  ft.  per  day) . 1 .  200, 200 

Total  volume  of  sulphite  sewage 
(digester  liquor -t- wash  water) 

(U A  gal.  per  day) .  5,968,000 

(cu.  f t.  per  day) . . . .  784,  000 

Steady  rate  of  discharge  (c.fj.) . . .  9.1 

Percent  concentration  of  digester  liquor  in 

sewage  (solids) . . . . .  0.61 

Density  of  sewage  (Townsend) . .  1. 0062 

(equivalent  to  sea  water  of  1.7* /eo  Cl) 


The  application  of  this  equation  may  be 
simply  illustrated  in  the  prediction  of  the  pol¬ 
lution  likely  to  occur  from  a  standard  135  ton 
sulphite  pulp  mill,  discharging  untreated  waste 
sulphite  liquor,  along  with  all  other  mill  water, 
into  an  adjacent  river.  The  pertinent  char¬ 
acteristics  of  such  a  mill  are  given  in  Table  1. 

Biochemical  Oxygen  Demand,  B.O.D. 

Fig.  1  shows  the  calculated  demand  pf  waste 
sulphite  liquor  at  a  concentration  of  one  p^rt 
per  million  (0.01  of  the  demand  at  100  p.p.m.) 
(B.O.D.)*  derived  from  a  study  of  the  litera¬ 
ture  pertaining  to  pulp  mills  in  the  Northwest. 

CALCULATED  OXYGEN  DEMAND 

OF  waste  sulphite  liquor 


( coocontrotiOA 

Tim*  hovps 

O  100  too  300  400  %00 


Fig.  1. — Gilculated  oxygen  demand  of  waste  sul¬ 
phite  liquor  at  a  concentration  of  one  part  per  mil¬ 
lion  (0.01  of  the  demand  at  100  parts  per  million). 
Biochemical  oxygen  demand  (B.O.D.)*  derived  from 
a  study  of  the  literature  pertaining  to  pulp  mills  in 
the  Northwest. 

Concentration  of  Waste  Sulphite  Liquor 

If  the  waste  sulphite  liquor  is  mixed  with  all 
mill  water  and  discharged  at  approximately 
the  density  of  the  river  water,  it  will  normally 
be  uniformly  distributed  in  the  river  water 
within  a  day’s  flow  downstream.  Therefore  the 
concentration  of  waste  sulphite  liquor  (N) 
may  be  estimated  as  the  ratio  of  the  mill  dis¬ 
charge  of  waste  sulphite  liquor  (Qk)  to  the 
river  discharge  (Q) 

N  =  -^X  10«  p.p.m - (3) 

'Then  the  oxygen  demand  is 

B.O.D.  =  N(B.O.D.)  * _ (4) 

Oxygen  Supply 

In  a  natural  waterway  the  dissolved  oxygen 
concentration  is  usually  less  than  the  solubility. 
This  may  be  expressed  as 

(l-d)(DO) 
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where  d  is  the  deficiency,  or  departure  from 
saturation  (DO). 

The  deficiency  must  be  counted  as  part  of 
the  oxygen  demand,  since  it  is  not  available  to 
the  fish.  Therefore  the  equation  of  pollution 
becomes 


„  N(B.O.D.)* 

“  (0.6  — d)  (DO) 


(5) 


The  solubility  of  oxygen  (DO)  in  fresh  and 
sea  water  is  given  in  Table  2.  The  evaluation 
of  the  oxygen  deficiency  (d)  implies  that  the 
normal  concentration  of  oxygen  in  the  unpol¬ 
luted  waterway  is  known,  or  can  be  estimated. 


Table  2. — Solubility  of  Oxygen  in  Fresh 
AND  Sea  Water 

(Whipple  and  Whipple,  J.A.C.S.  XXXIII,  1911) 

Chlorinity  (Cl®/,,)  of  Sea  Water 


Temperature  0  4  8  12  16  20 

®C  Freah 

Oxygen  solubility  (p.p.m.) 

0.. .  14.62  18.96  13.80  12.64  11.98  11.32 

4 .  13.13  12.66  11.98  11.40  10.83  10.25 

8 .  11.87  11.87  10.86  10.36  9.86  9.36 

12 . 10.83  10.39  9.94  9.60  9.06  8.62 

16 .  9.95  9.56  9.16  8.77  8.38  7.99 

20 . 9.17  8.82  8.47  8.12  7.77  7.42 

24  .  8.63  8.20  7.87  7.64  7.21  6.87 

28  .  7.92  7.61  7.80  6.99  6.68  6.37 


Age  of  Waste  Sulphite  Liquor 

As  shown  in  Fig.  1,  time  is  required  for  the 
oxygen  demand  to  develop.  During  this  time 
the  effluent  is  presumably  being  carried  away 
from  the  pulp  mill  sewer  by  the  circulation  in 
the  natural  waterway.  Consequently  the  great¬ 
est  depletion  of  oxygen  must  occur  at  some 
point  downstream  from  the  mill  site,  at  the 
distance  associated  with  four  or  five  days  flow. 
Therefore  it  is  necessary  to  evaluate  the  pollu¬ 
tion  at  intervals  from  the  sewer  outfall,  to  de¬ 
termine  the  position,  and  degree  of  the  maxi¬ 
mum  pollution  (Pmax). 

Estimation  of  Pollution  in  a  River 
Example  1 

Consider  the  135  ton  sulphite  mill  (Table  1) 
wasting  its  effluent  in  a  river,  whose  minimum 
flow  is  2270  cubic  feet  per  second  at  a  distance 
corresponding  to  50  hours  flow  from  the  mill- 
site. 

Then  in  Equations  3  and  4 

N  X  10“  =  210  p.p.m. 

(B.O.D.)  ♦  at  50  hours  =  0.0153  p.p.m. 

(Fig-  1) 

B.O.D.  =  210  X  0.0153  =  3.21  p.p.m. 


The  normal  oxygen  concentration  is  9.2  p.p.m. 
at  a  temperature  of  59°  F.  when  the  solubility 
would  be  10.1  p.p.m.  (Table  2).  Then  degree 
of  saturation  is 


wherefore  the  deficiency 

d  =  1.0  — 0.9  =  0.1 

from  which  the  oxygen  supply  is 

(0.6  — 0.1)  (10.1)  =5.05 


and  Equation  5  becomes 


which  is  the  degree  of  pollution  to  be  antici¬ 
pated  at  the  specified  discharge  of  the  river, 
and  distance  from  the  millsite. 


Size  of  River  Required 

Example  2 

It  is  to  be  remarked  that  the  unit  (B.O.D.)'*' 
increases  to  a  maximum  of  0.0448  p.p.m.  in 
about  500  hours  from  which  it  is  possible  to 
predict  the  minimum  flow  which  would  tol¬ 
erate  the  pollution  from  the  proposed  mill. 

Substituting  the  oxygen  supply  (5.05)  for 
B.O.D.  and  setting  (B.O.D.)*  =  0.0448  in 
Equation  4 


N  = 


5.05 

0.448 


=  113 


and  setting  this  value  of  N  in  Equation  3,  the 
critical  level  of  river  discharge  is, 

Q  _  io«  =  4240  c.f.’s. 


River  Increases  Downstream 
Example  3 

The  discharge  of  most  rivers  increases  down¬ 
stream  as  the  drainage  area  increases;  where¬ 
fore  the  concentration  of  waste  sulphite  liquor 
decreases  while  the  oxygen  demand  increases. 
G)nsequently  a  mill  may  be  established  on  a 
river  whose  flow  is  less  than  the  critical  level 
at  the  millsite,  if  its  discharge  increases  down¬ 
stream  sufficiently  to  provide  an  oxygen  supply 
equal  to  the  demand.  Such  an  instance  is  illus¬ 
trated  in  Fig.  2. 

Fig.  2,a  shows  the  plan  of  a  hypothetical 
river  whose  discharge  is  assumed  to  be  moni¬ 
tored  at  five  stations  covering  the  distance 
travelled  by  the  water  in  the  course  of  20  days. 
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FRCOICTEO  fOLLUTiUN  IN  A  RlVEH 


Fig.  2. — ^Relationship  between  waste  sulphite 
liquor  concentration,  river  discharge,  biochemical 
oxygen  demand,  and  degree  of  pollution  for  a  hypo¬ 
thetical  mill  and  river. 

Fig.  2,b  shows  the  river  discharge  referred 
to  the  left  hand  scale.  This  curve  is  interpo¬ 
lated  between  the  observed  points  with  refer¬ 
ence  to  the  approximate  size  of  the  tributory 
streams  and  their  point  of  entry.  The  corre¬ 
sponding  concentration  of  waste  sulphite  liquor 
is  shown  in  the  second  curve  (Fig.  2,b)  re¬ 
ferred  to  the  right  hand* margin. 

The  biochemical  oxygen  demand,  computed 
by  Equation  3,  is  indexed  to  the  left  hand  scale 
in  Fig.  2,c  and  the  observed  oxygen  supply 
(0.6  —  d)  (DO)  is  referred  to  the  right  hand 
scale.  ». 

The  degree  of  pollution  (P)  is  shown  in 
Fig.  2,d.  ' 


Evidently  the  degree  of  pollution  will  in¬ 
crease  downstream  to  a  maximum  (Pma,) 
which  must  not  exceed  1.0  if  the  pollution  is 
to  be  tolerable. 

It  remains  to  solve  the  relation  of  P„„,  to 
river  level  between  the  anticipated  limits  of 
discharge.  Such  a  solution  is  shown  in  Fig.  3, 


Fig.  3- — Relation  of  the  degree  of  maximum  pol¬ 
lution  to  the  discharge  of  the  river  for  the  hypo¬ 
thetical  mill  and  river  shown  in  Fig.  2. 


where  it  is  indicated  that  the  limiting  tolerable 
degree  of  pollution  may  be  expected  when  the 
river  discharge  is  1710  cubic  feet  per  second 
at  the  millsite.  The  probability  of  this  condi¬ 
tion  occurring  may  then  be  determined  from 
run-off  records. 

Alberni  Inlet 

A  more  complex  situation  arises  if  the  pulp 
mill  discharges  its  effluent  into  a  confined  sea¬ 
way  such  as  an  inlet  or  a  bay.  The  water  moves 
bade  and  forth  with  the  tide,  progressing 
slowly  seaward.  The  volume  of  water  adjacent 
to  the  mill  sewer  is  usually  larger  than  most 
rivers,  but  the  rate  of  flow  is  very  much 
smaller,  so  that  the  effluent  tends  to  accumulate 
in  the  vicinity.  This  may  cause  serious  pollu¬ 
tion  if  the  millsite  is  associated  with  a  com¬ 
mercial  fishery. 

Solution  of  this  problem  may  be  illustrated 
in  the  case  of  a  proposed  133  ton  sulphite  pulp 
mill  (Table  1)  which  was  to  discharge  un¬ 
treated  waste  into  the  head  of  Alberni  Inlet, 
on  the  West  coast  of  Vancouver  Island. 
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This  inlet  (Fig.  4)  is  a  long  narrow  arm  of 
the  sea,  having  the  typical  fiord  structure  of 
the  Canadian  and  Alaskan  inlets.  Over  most  of 
its  length  it  is  a  two  dimensional  estuary  sys¬ 
tem.  Fresh  water  is  continually  being  added  to 
the  'surface  from  the  Somass  river  (153  to 
38,000  c.f.s.)  at  the  head.  The  fresh  water 
moves  seaward,  mixing  with  the  underlying  sea 
water  enroute  so  that  there  is  a  longitudinal 
salinity  gradient  from  head  to  mouth.  In  the 
region  of  the  head  of  the  inlet,  the  stream  from 
the  river  diverges  until  it  occupies  the  whole 
width,  after  which  the  transverse  salinity  gra¬ 
dient  vanishes. 

In  vertical  section  (Fig.  5, a)  the  longitudinal 
salinity  gradient  is  restricted  to  an  upper  zone 
defined  by  a  point  of  inflexion  in  the  salinity 
depth  relation  (Fig.  5,b).  Below  this  inflexion 
there  is  a  middle  zone  in  which  there  is  little 
or  no  longitudinal  salinity  gradient. 

Without  going  into  the  exhaustive  analysis 
given  in  the  references'^*  it  is  concluded 
that  the  fresh  water  moves  seaward  in  the 
upper  zone  due  to  the  isostatic  head  between 

‘Tully,  J.  P.,  Oceanography  of  Alberni  Inlet,  Bui. 
Fish.  Res.  Bd.  Ottawa,  Canada. 

*  - ,  Prediction  of  Pulp  Mill  Pollution  in 

Alberni  Inlet,  Bui.  Fish.  Res.  Bd.  Ottawa,  Canada. 

*  - ,  Hollister,  H.  J.,  Fjarlie,  R.  L.  I.,  and 

Anderson,  W.,  A  Hydraulic  Model  of  Alberni  Har¬ 
bor,  Bui.  Fish.  Res.  Bd.  Ottawa,  Canada. 


the  fresh  water  at  the  river  mouth,  and  the 
saline  water  in  the  sea.  During  this  progress 
the  fresh  water  is  mixed  with  sea  water  from 
the  underlying  middle  zone,  due  to  turbulence 
resulting  from  tidal  velocities.  Sea  water  enters 
the  inlet  only  in  the  middle  zone  during  the 
flooding  tide,  because  it  is  more  dense  than  the 
upper  zone  water,  but  leaves  the  inlet  through 
both  upper  and  middle  zone,  during  the  ebb 
tide  phase.  Consequently  the  movement  is  pre¬ 
dominantly  seaward  in  the  upper  zone,  and 
towards  the  head  in  the  middle  zone. 

All  fresh  water  leaves  the  inlet  by  way  of 
the  upper  zone,  because  any  fresh  water  trans¬ 
ferred  downwards  moves  towards  the  head, 
adjacent  to  the  boundary  between  the  zones, 
and  is  preferentially  subject  to  further  mixing. 
Sea  water  transferred  upwards  is  carried  sea¬ 
ward  to  be  mixed  again. 

The  middle  zone  extends  to  the  depth  of 
the  threshold  (Figs.  4  and  5,a)  which  acts  as 
a  weir  protecting  the  deep  zone  from  all  cur¬ 
rent  producing  forces,  except  frictional  transfer 
from  the  middle  zone.  There  is  little  or  no  cir¬ 
culation  in.  this  deep  zone. 

It  follows  that,  if  the  waste  sulphite  liquor 
were  mixed  with  all  other  waste  mill  water  to 
a  density  approximately  that  of  fresh  water, 
and  was  discharged  into  the  surface  of  the 'in- 


268 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


let,  it  would  remain  in  the  upper  zone  and 
move  persistently  seaward,  leaving  the  deeper 
waters  unpolluted. 

If  the  concentrated  blow  pit  liquor  were  dis¬ 
charged  directly  it  would  sink  into  the  middle 
ot  deep  zones.  In  the  middle  zone  it  would 
accumulate  near  the  head  until  it  was  mixed 
into  the  upper  zone.  In  the  deep  zone  it  would 
accumulate  indefinitely  but  would  be  trans¬ 
ferred  upwards  by  diffusion,  and  eventually 
pollute  all  zones  of  the  inlet.  In  the  latter  cases 
there  would  be  no  control  of  the  accumulated 
effluent  and  if  the  pollution  became  intolerable, 
it  would  constitute  a  disaster  that  would  destroy 
the  fishery. 

It  was  concluded  that  the  first  possibility 
should  be  accepted  and  the  effluent  confined  to 
the  upper  zone,  so  that  it  would  not  accumu¬ 
late.  TTien  if  the  limit  of  tolerance  were 


attained  the  pollutant  could  be  controlled  at 
the  source,  and  in  any  case  there  would  be  un¬ 
polluted  avenue  for  fish  migration  below  the 
upper  zone.  This  implied  that  the  waste  sul¬ 
phite  liquor  should  be  mixed  with  all  other 
mill  water,  and  be  discharged  at  the  surface  of 
the  inlet. 

Equation  3  is  not  directly  applicable  to  a 
seaway  because  the  transport  is  complicated  by 
the  reversing  motion  of  the  tide,  and  the  efflu¬ 
ent  is  diluted  by  sea  water,  as  well  as  fresh. 
However  it  is  evident  that  from  any  limited 
region  a  proportion  (r)  of  the  water  is  dis¬ 
placed  seaward  by  a- similar  volume  entering 
the  region,  during  a  tidal  period  (T  =  24 
hours  50  minutes). 

Then  during  a  tidal  period  only  a  specific 
part  of  the  oxygen  demand  (B.O.D.)t  can  be 
satisfied,  and  the  dissolved  oxygen  available  to 
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supply  this  demand  must  be  contained  in  the 
new  water  added  to  the  region  in  the^  displace¬ 
ment  process,  hence 

n  (B.O.D.)t 

(0.6  — d)(DO)r  '  ' 


This  equation  was  solved  in  Alberni  inlet 
within  very  reasonable  limits  of  accuracy. 


Specific  Biochemical  Oxygen  Demand 
It  is  assumed  that  the  limited  region  of  the 
inlet  is  chosen  such  that  the  sewage  is  mixed 
to  homogeneity  before  displacement  occurs. 
Then  the  total  concentration  (N)  of  mill  efflu¬ 
ent  in  the  region  contains  proportions  of  all 
ages.  That  is,  at  the  end  of  the  first  tidal  period 
there  will  be  a  concentration  (Nr)  of  age  1 
tide  periods,  Nr(l  —  r)  of  age  2  periods  arrd 
Nr(l  —  r)"  — ^  of  age  n  tide  periods.  Further, 
the  specific  biochemical  oxygen  demand  during 
the  present  tide  period,  of  the  portion  of  age  1 


where  A  is  the  area  of  the  region  (Table  3), 
and  Z  is  the  mean  depth  of  the  upper  zone 

Table  3.— ^Characteristics  of  Alberni  Inlet 

Interval 

O-A  O-B  0-0  O-D 

Length  (feet) . .  16,600  37,980  79,680  128,780 

Area  (sq.  feet)  X  10-t.  8.00  16.30  34.80  64.90 

Run-off  Ratio  (F) _ '  1.00  1.173  1.66  1.95 

(Fig.  5)  in  which  the  effluent  is  contained. 
This  value  of  m  may  be  substituted  above. 

Then  a  term  describing  the  partial  demand 
during  the  time  of  transport  m  ;=  T/r  is  to  be 
subtracted. 

T/r 

s  [Nr(l  — r)”(AB.O.D.)n} 

1 

because  the  oxygen  demand  in  this  time  in¬ 
terval  is  represented  by  the  second  term. 

Therefore  the  specific  oxygen  demand,  to  be 
supplied  by  the  water  entering  the  region  in 
each  tidal  period  is 


(B.aD.)T^^^QP  )T/,^  2  [(l-r)«(AB.O.D.)n] 


T/r 


—  2  [(1  — r)“(AB.O.D.)n] 


(7) 


period  is  (A  B.O.D.)^,  the  demand  of  the  por¬ 
tion  of  age  2  periods  is  (aB.O.D.)^,  etc.,  so 
that  the  total  oxygen  demand  in  one  tidal 
period  (B.O.D.)  is  the  sum  of  all  these  quan¬ 
tities.  , 

[B.O.D.]  =  2  [Nr(l  —  r)"(A  B.O.D.),,] 

1 

which  is  representative  if  the  region  is  small. 

If  the  region  is  large  enough  to  require  an 
appreciable  time  for  the  transport  of  effluent 
through  it,  it  must  be  assumed  that  the  B.O.D. 
of  the  total  discharge  during  the  time  of  transit 
must  be  satisfied.  Therefore  a  term  is  added, 

Nr[B.O.D.]: 

where  m  signifies  the  time  of  transport  in  tidal 
periods.  It  may  be  recognized  that  on  the  aver¬ 
age  the  effluent  moves  forward  such  that  the 
number  of  tidal  periods  required  to  traverse  the 
region  is 


The  solution  of  Equation  7,  based  on  the 
rate  of  oxygen'  demand  of  Fig.  1,  is  shown  in 
Fig.  6. 


Fig.  6. — Oxygen  demand  of  waste  sulphite  liquor 
during  one  tidal  cycle  in  a  region  of  displacement 
(r). 
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Substituting  this  value  in  Equation  6  the 
equation  of  pollution  becomes 


n  (B.O.D.)t 
Nr 


N 

(0.6  — d)  (DO) 


..(8) 


which  represents  the  average  degree  of  pollu¬ 
tion  at  the  downstream  limit  of  the  region 
from  which  the  effluent  is  about  ’  to  be  dis¬ 
placed.  ' 

Concentration  (N)  of  Waste  Sulphite  Liquor 

As  shown  in  Equation  3  the  concentration  of 
waste  sulphite  liquor  in  the  fresh  water  from 
the  Somass  river,  may  be  expressed  by  the  ratio 
of  the  discharge  rates.  Then  the  concentration 
of  the  river  water  in  the  inlet  may  be  deter¬ 
mined  from  the  degree  of  dilution  of  the  sea 
water. 

Undiluted  sea  water  in  this  location  was  de¬ 
fined  by  the  salinity  (Sb)  occurring  at  33  feet 
depth.  It  was  observed  that  this  base  value  was 
constant  at  this  depth  and  represented  the 
salinity  .of  the  sea  water  entering  the  inlet  dur¬ 
ing  the  flood  tide.  The  ratio  of  the  observed 
salinity  (So)  at  any  point,  to  the  base  value 
(Sb)  represents  the  proportion  of  sea  water 
present,  consequently  the  proportion  of  fresh 
water  in  the  sample  is 


The  ratio  of  land  drainage  in  the  continuing 
intervals  (O-A,  O-B  etc.)  to  the  discharge  of 
the  Somass  river  was  evaluated  in  a  factor  F 
(Table  3).  Then  the  concentration  of  water 
from  this  river  at  any  station  was 


and  the  concentration  of  effluent  is 


small  limits,  at  similar  stages  of  the  tide 
period,  while  the  rate  of  land  drainage,  and 
the  wind  remains  constant.  Therefore  it  is  con¬ 
cluded  that  a  proportion  of  the  fresh  and  sea 
water  is  displaced  from  the  upper  zone  of  the 
inlet  to  the  sea  in  each  tide  cycle,  by  a  like 
amount  of  fresh  and  sea  water  from  their 
several  sources.  Further  the  process  must  apply 
quantitatively  to  any  region  of  the  inlet,  other¬ 
wise  the  salinity  structure  would  not  remain 
constant. 

It  follows  that  the  fresh  water  must  move 
through  the  upper  zone  at  the  rate  of  land 
drainage,  and  the  proportion  (r)  of  water  dis¬ 
placed  seaward  from  any  region  of  the  inlet 
between  the  head  (O)  and  any  arbitrarily 
chosen  cross  section  (A,  B,  C,  etc.)  may  be 
evaluated  as  the  ratio  of  the  fresh  water  con¬ 
tributed  by  land  drainage  during  a  tide  period 

T 

(2Q  )  to  the  volume  of  fresh  water  contained 

O  - 

in  the  upper  zone  (AZC) 


T 


AZC 


where  A  is  the  area  of  the  region  (Table  3) 
and  Z  is  the  depth  of  the  upper  zone  (Fig.  7). 

Dissolved  Oxygen  Supply 

During  the  critical .  period  of  the  year 
(August,  September)  the  dissolved  oxygen 
concentration  could  be  conservatively  repre¬ 
sented  as  8.3  parts  per  million,  which  is  about 
0.9  of  saturation.  Then  the  available  oxygen 
supply  becomes 


C 

f' 


(10) 


where  C  is  the  mean  proportion  of  fresh  water 
in  the  limited  region  (O-A,  O-B,  etc.). 


Displacement 

It  may  be  observed  that  mean  sea  level  is 
constant,  from  which  it  is  concluded  that  the 
inflow  of  water  from  all  sources  equals  the  out¬ 
flow  to  the  sea  during  a  tidal  day.  Further,  the 
distribution  of  salinity  is  recurrent,  within 


(0.6  —  0.1)  (9.0)  =  4.7  p.p.m. 

Characteristics  of  Alberni  Inlet 

It  is  evident  from  this  reasoning  that  the 
displacement  (r),  the  proportion  of  fresh 
water  (C)  the  depth  of  the  upper  zone  (Z) 
and  the  concentration  (N)  of  waste  sulphite 
liquor  are  all  functions  of  the  rate  of  land 
drainage  in  the  particular  situation.  Oceano¬ 
graphic  observations  were  made  regularly  at  5 
representative  stations  (Fig.  4)  from  the  time 
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Fig.  7. — Properties  of  the  upper  zone  in  Alberni  Harbor  related  to 
Somass  River  discharge. 


of  maximum  river  discharge  in  May  to  mini¬ 
mum  in  September.  From  these  data  the  struc¬ 
ture  and  mechanism  of  the  seaway  was  defined 
in  terms  of  the  discharge  of  the  principal  river’^ 
as  shown  in  Fig.  7. 

It  was  observed  that  the  relations  were 
subject  to  the  probability  of  there  being  a 
freshet  which  accelerated  the  displacement,  and 
of  adverse  winds  which  retarded  displacement. 

The  Degree  of  Pollution 

From  these  data  the  degree  of  pollution  at 
successive  intervals  (A,  B,  C,  D)  was  com¬ 
puted  in  relation  to  river  discharge  as  shown 
in  Fig.  8. 

Discussion 

It  was  predicted  that  pollution  would  in¬ 
crease  to  seaward,  attaining  a  maximum  in 
about  three  miles  from  the  millsite.  In  this  in¬ 
terval  the  rate  of  oxygen  demand  (A  B.O.D.) 
exceeds  the  rate  of  supply  (0.5  (DO)r).  Fur¬ 
ther  to  seaward  the  pollution  would  decrease 
with  the  rate  of  demand,  and  increase  of 
oxygen  supply. 

The  relation  of  maximum  pollution  to  river 
discharge,  shown  in  Fig.  8  indicates  that,  the 


critical  relation,  =  1,  would  be  reached 
when  the  Somass  river  discharge  was  between 
1600  and  1800  c.f.s.  When  the  river  fell  below 


Fig.  8. — Calculated  Alberni  Inlet  pollution  from 
proposed  sulphite  pulp  mill. 
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this  level,  as  it  does  every  summer  (Fig.  9), 
the  effluent  would  utilize  all  or  part  of  the  oxy¬ 
gen  required  for  the  fish.  If  the  mill  were 
located  half  way  down  the  inlet,  at  Nahmint 
(Fig.  4)  critical  pollution  would  occur  when 
the  Somass  river  discharge  was  less  than  300 
cubic  feet  per  second,  and  it  would  be  neces¬ 
sary  to  limit  operation  for  about  one  month 
every  year. 

It  was  shown  that  the  restriction  in  operation 
could  be  obviated  by  storing  water  in  the  lakes 
at  the  head  of  the  river,  and  releasing  it  so  as 
to  maintain  land  drainage  above  the  critical 
level.  Conversely  the  concentrated  blow  pit 
liquor  could  be  stored  in  ponds  during  the 
summer,  and  released  in  the  winter  when  the 
river  was  high. 

The  third  possibility,  proposed  by  the  in¬ 
dustry,  'was  to  build  a  sulphate  mill  from  which 
the  discharge  of  waste  liquor  would  be  so  small 
that  its  oxygen  demand  could  be  tolerated  at 
the  lowest  river  levels,  as  shown  in  Table  4. 

This  sulphate  mill  (Fig.  10)  has  been  built. 
The  waste  liquor  is  mixed  with  all  other  mill 
water  and  discharged  into  a  pond,  at  the  head 
of  the  inlet,  where  the  waste  fibers  settle  out. 
The  overflow  from  this  pond  runs  into  Alberni 
harbor  a  short  distance  from  the  mouth  of 
the  Somass  river. 

Investigations  to  date  have  shown  that  the 
degree  of  pollution  is  within  the  predicted. 


Table  4. — Estimated  Maximum  Pollution  in 
THE  Upper  Zone  of  Alberni  Inlet  During 
THE  Low  River  Levels,  Due  to  Sewage  From 
the  Existing  (1948)  Sulphate  Pulp  Mill 


Concen¬ 

Mean 

Dissolved 

Estimated 

tration 

oxygen 

oxygen 

degree 

of  sewage 

demand  in 

concen¬ 

of 

Discharge 
Somass  K. 

upper  zone 

upper  zone 

tration 

pollution 

(c.f*) 

(p.p.m.) 

(p.p.m.) 

(p.p.m.) 

(P  max)* 

158> 

16,000 

2.1 

8.6 

0.60 

200 

12,000 

1.7 

8.5 

0.48 

300 

9,400 

1.3 

8.6 

0.37 

600 

7,000 

1.0* 

8.6 

0.28 

700 

6,200 

0.92 

8.6 

0.25 

1000 

6, 100 

0.7* 

8.6 

0.20 

'  153  cubic  feet  per  second  is  the  minimum  recorded  discharge 
of  the  Somass  river. 

^Theae  small  oxygen  demands  are  within  the  natural  limits  of 
variation  of  diasolvM  oxygen,  and  would  not  be  noticed  in  test 
of  the  water  in  Alberni  Harbor. 

^The  degree  of  pollution  (P)  is  the  ratio  of  the  oxygen  de¬ 
mand  of  the  pulp  mill  sewage  to  the  dissolved  oi^gen  available, 
in  excess  of  the  amount  required  for  the  fish.  When  the  maxi¬ 
mum  pollution  occurring  anywhere  in  the  inlet  is  100  percent 
or  less,  there  will  be  6  parts  per  million,  or  more,  of  dissolved 
oxygen  everywhere  in  tne  upper  zone. 


limits  (Table  4).  No  deleterious  pollution  is 
anticipated. 

This  solution  does  not  take  into  account  the 
natural  aeration  of  the  waters,  which  would 
occur  during  the  flow.  Such  a  process  is  im¬ 
ponderable,  and  should  be  regarded  as  a  safety 
factor  in  the  estimate. 

No  account  has  been  taken  of  the  problem 
arising  from  settling  pulp  fibers  because  the 
bottom  of  Alberni  Inlet  does  not  contribute  to 
a  commercial  fishery.  However  the  pond  shown 
in  Fig.  10  effectively  removes  the  fibers,  and 
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Fig.  10. — View  of  Bloedel,  Stewart  and  Welch  pulp  mill  at  the  head  of  Alberni  Inlet,  showing:  A,  pulp 
mill;  B,  sewer  outlet;  C,  settling  pond;  D,  overflow  to  log  pond;  and  G,  Somass  River  mouth.  , 


could  be  adapted  to  other  undertakings,  where  dent  illustrated  here,  of  predicting  the  prob- 
fibers  are  deleterious.  able  state  of  pollution  and  adapting  the  pulp 

This  solution  proves  a  criterion  for  the  limit  situation  may  well  ensure  the  sur- 

of  pulp  mill  development  in  Alberni  Inlet.  It  salmon  fishery, 

is  shown  (Table  4)  that  60  percent  of  the  Besides  this,  the  present  mill  has  all  the 
available  oxygen  will  be  re(]uired  during  the  assurance  possible  that  it  will  not  be  subject  to 

period  of  extreme  minimum  river  flow.  Conse-  the  litigation,  restrictions,  and  subsidies  which 

quently  the  expansion  of  this  mill,  or  the  could  have  resulted  if  the  originally  proposed 

establishment  of  another  mill  is  restricted  to  sulphite  mill  had  been  built, 

the  utilization  of  the  remaining  40  percent.  It  is  pleasant  to  acknowledge  the  interest, 

At  the  time  the  problem  was  proposed,  it  ^^d  frequent  assistance  of  Bloedel,  Stewart, 

was  suggested  that  the  pulp  mill  was  of  greater  ^^d  Welch  Ltd.,  while  this  research  was  in 

industrial  value  than  the  fishery  of  Alberni  progress,  to  remark  on  their  efficient  implemen- 

Inlet  and  should  be  permitted,  even  if  the  tation  of  the  results,  and  their  continued  will- 

fishery  were  lost.  Although  this  may  be  true,  ingness  to  make  adjustments  as  required, 

acceptance  of  the  proposition  would  have  pro-  In  a  situation  where  fish  mortality  indicates 
vided  precedent  for  unrestricted  pollution  in  that  pollution  is  excessive,  it  is  advantageous  to 

many  other  coastal  seaways,  which  would  prob-  assess  the  degree,  in  order  to  estimate  the  ex- 

ably  be  disasterous  to  the  fisheries.  The  prece-  tent  and  nature  of  corrective  measures  that  are 
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required.  In  such  a  case  the  dissolved  oxygen 
supply  may  be  estimated  at  some  point  in  the 
unpolluted  portion  of  the  system  which  may  be 
assumed  to  be  representative  of  the  polluted 
reach,  and  substituted  in  Equation  5  or  8.  The 
subsequent  development  of  the  prediction  is 
identical  with  that  illustrated. 

The  application  of  these  principles  to  other 
forms  of  pollution  is  obvious.  A  measure  of 
the  principle  pollution  effect,  and  the  limit  of 
tolerance,  in  similar  terms  is  substituted  in 
Equation  1,  and  a  solution  developed  similarly 
to  these  examples. 


Ice 
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Conclusions 

This  research  has  established  a  quantitative 
measure  of  pollution,  defined  the  tolerable 
limits,  and  shown  how  they  may  be  evaluated 
either  before  or  after  pollution  occurs  in  an 
inlet  or  river.  It  has  created  a  precedent  for 
the  prediction  of  the  probable  degree  of  pollu¬ 
tion  from  an  industrial  development,  which  in 
turn  permitted  adjustments  to  be  made  before 
the  fishery  was  damaged. 

The  research  is  reviewed  in  detail  in  three 
papers  which  are  to  be  published  as  a  Bulletin 
of  the  Fisheries  Research  Board  of  Canada, 
Ottawa. 
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Chemical  Composition  of  Ponderosa  and  Sugar 

Pine  Barks** 
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Thif  article  summarizes  the  findings  on  the  chemical  analyses  of  the  bark  from  ponderosa  pine  (Pimu 
ponderosa  Laws.)  and  from  sugar  pine  (Pinus  lambertimna  Doud.).  Bark  of  the  ponderosa  pine  was  found 
to  conuin  23.2  to  28.7  percent  extractives,  with  the  highest  yield  obtained  from  tne  bark  at  the  bottom  of 
the  oldest  trees.  Tannin  content  ranged  between  5.6  and  11.4  percent  and  appears  to  have  possibilkies  for 
commercial  extraction  and  utilization.  Other  extractives  include  a  lignocerate  wax,  a  phenolic-fatty  add  com¬ 
plex,  and  a  flavonol  yellow  coloring  matter.  There  are  at  least  two  types  of  materials  in  the  bark  which  appear 
as  "lignin,"  and  these  are  significantly  different  from  wood  lignins.  Chemically  these  "lignin"  components 
are  similar  to  those  found  in  redwood  baric.  The  sugar  pine  bark  contained  apptOKimately  21  to  22  percent 
of  extractives.  The  unnin  content  tanged  between  4.9  and  7.1  percent  and  the  wax  content  between  2.2  and 
3.1  percent.  The  major  cxtraaive  was  a  reddish-brown  pblobaphene;  the  minor  extraaives  were  lignoceric 
add  and  an  alcohol  that  sublimed  above  305°  C. 


Introduction 

HE  Oregon  Forest  Products  Laboratory 
has  been  engaged  for  some  time  in 
studies  on  the  utilization  of  Douglas  hr 
bark  (2,  4,  3,  6,  8).  Recently,  the  Western  Pine 
Association  suggested  the  desirability  of  ex¬ 
ploring  the  utilization  of  the  bark  from  com¬ 
mercial  species  of  the  western  pines.  An  exam¬ 
ination  of  the  literature  has  revealed  that  there 
are  no  previous  reports  on  the  chemical  analysis 
of  the  bark  from  these  pines.  This  article  sum¬ 
marizes  the  findings  on  the  chemical  analyses 
of  the  bark  from  ponderosa  pine  {Pinus  pon¬ 
derosa  Laws.)  and  from  sugar  pine  (Pinus 
Umber tiana  Dougl.). 

PART  I.  PONDEROSA  PINE 
(Pinus  ponderosa  Laws.) 

The  ponderosa  pine  bark  used  in  this  work 
was  collected  in  June  1948  from  sawlogs  in  a 
commercial  logging  operation  just  north  of 
Sisters,  Oregon.  All  of  the  trees  sampled  were 
felled  within  1  month  previous  to  the  time  of 
the  collection. 

*  Presented  by  title  only. 

^A  joint  project  of  the  Oregon  Forest  Products 
Laboratory,  State  Board  of  Forestry,  and  School  of 
Forestry,  cooperating,  Corvallis,  Oregon  and  the 
Department  of  Chemistry,  School  of  Science,  Oregon 
State  College,  Corvallis,  Oregon. 


Samples  were  taken  separately  from  the  bot¬ 
tom  (2-foot  height),  middle  (32-foot  height), 
and  top  (62-foot  height)  sections  of  five  trees 
in  each  of  the  three  age  groups  shown  in 
Table  1.  In  all,  15  trees  were  sampled  and, 
from  the  45  samples  of  bark,  nine  composite 
samples  were  prepared  for  analysis.  This  gave 
a  bottom,  middle,  and  top  composite  sample 
for  each  age  group.  The  bark  of  ponderosa 
pine  is  relatively  thin;  thus,  the  bark  from  the 
top  of  the  trees  had  a  high  proportion  of  inner 
bark,  whereas  the  baric  samples  from  the  bot¬ 
tom  sections  had  little  inner  bark.  The  data  re¬ 
corded  at  the  time  of  sampling  are  summarized 
in  Table  1, 

The  bark  of  this  species  is  scaly,  nonfibrous, 
and  has  a  characteristic  yellow  color.  An  ana¬ 
tomical  examination  indicated  the  presence  of 
thin-walled  parenchyma  cells,  cork  cells,  and 
sieve  tubes.  After  collection,  the  samples  were 
passed  through  a  Greundler-Peerless  hammer 
mill-shredder  and  air-dried  to  a  moisture  con¬ 
tent  of  about  10  percent.  Subsequently,  they 
were  ground  in  a  Wiley  mill  to  the  appropriate 
fineness  for  analysis.  The  hammer  mill-shredder 
reduced  the  moist  bark  to  amorphous  particles 
and  a  fine  powder;  no  well-defined  structural 
elements  were  distinguishable  in  the  shredded 
bark.  This  bark  does  not  contain  cork  of  the 
nature  found  in  the  barks  of  Douglas  fir 
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Table  1. — Collection  Data  on  Ponderosa  Pine  Bark  Samples 

Bottom  Section  Middle  Section  Top  Section 

(2-(oot  heifht)  (S2-foot  height)  (62-foot  height) 


Dia. 

Dia. 

Dia. 

Dia. 

Dia. 

Dia. 

Age  group 

Tree 

outside  bark 

inside  bark 

outside  bark 

inside  bark 

outside  bark 

inside  bark 

Years 

In. 

In. 

In. 

In. 

In. 

In. 

1 

27.6 

23.6 

20 

18 

14 

18 

2 

26 

23 

16 

16 

11 

10.6 

160  to  200 . 

.  3 

24 

22.6 

16.6 

16 

9 

8.6 

4 

27 

24 

19.6 

17 

13 

11.76 

6 

24 

22.6 

18 

17 

12.6 

12.0 

6 

32 

29 

22.6 

20.76 

16 

16.6 

7 

29 

27 

20 

19 

13.6 

13 

200  to  260 . 

.  8 

26 

26 

20.6 

19.26 

14 

18.6 

9 

26 

23 

16 

16 

13 

12 

10 

41 

36.6 

26 

23.6 

13 

12 

11 

42 

39 

27.26 

24.76 

16.6 

13.3 

12 

37 

34 

28 

26.6 

19.26 

17.76 

260  to  300 . 

.  13 

33 

30.76 

22.6 

21.6 

14 

13 

14 

34.6 

32.0 

22 

21 

14 

13 

16  ■ 

43 

41 

32.26 

31 

23 

22 

(Pseudotsuga  taxi  folia  Britt.)  and  the  cork  oak 
(Quercus  suber  L.) . 

Tannin  Analysis 

For  the  tannin  content  determination,  the 
samples  were  extracted  in  the  tannin  extraction 
apparatus  recommended  by  the  American 
Leather  Chemists’  Association,  and  the  extracts 
were  then  analyzed  precisely  in  accordance  with 
the  official  methods  of  that  Association  (1). 
The  data  are  given  in  Table  2. 

It  is  evident  from  these  data  that  the  largest 
amount  of  tannin  occurs  in  the  bark  at  the  bot¬ 
tom  of  ponderosa  pine  trees,  particularly  the 
older  trees.  This  is  the  reverse  of  the  tannin 
distribution  found  in  the  bark  of  Douglas-fir 
trees  (2).  Tannin  comprised  approximately 
one-half  of  the  soluble  solid  material  leached 
from  the  bark  with  water  under  the  conditions 
of  the  tannin  extraction.  The  tannin  content  of 
the  bark  ranged  between  5.6  and  11.4  percent, 
which  is  less  than  that  found  for  Douglas  fir 
bark,  but  still  high  enough  to  warrant  further 
investigation. 


A  high  sugar  content  is  a  striking  charac¬ 
teristic  of  ponderosa  pine  tannin  extracts;  this 
is  more  than  10  times  that  found  present  in 
Douglas  fir  bark  tannin  extracts  (2).  A  certain 
amount  of  sugar  in  tan  liquors  is  necessary  for 
the  proper  curing  of  hides  in  commercial  tan¬ 
ning  processes.  The  tannin  extract  was  used  to 
tan  sheepskin  skivers.  The  '^tanned  skivers  had 
a  light  brown  color,  which  indicated  that  the 
tannin  possessed  good  leather-making  qualities. 

Ponderosa  Pine  Bark  Extractives 

The  analytical  results  for  ethyl  ether,  acetone, 
and  hot-water  solubilities,  detei  mined  consecu¬ 
tively  in  that  order,  are  shown  in  Table  3. 
These  findings  indicate  that  ponderosa  pine 
bark  is  relatively  rich  in  extractives;  the  total 
of  the  three  extractives  ranged  between  23.2 
and  28.7  percent.  The  highest  yield  of  extrac¬ 
tives  was  contained  in  the  bark  from  the  bot¬ 
tom  of  old  trees.  In  this  species,  the  ethyl-ether 
extractive  was  found  to  consist  of  a  wax,  m.p. 
56®  to  58°  C.,  a  phenolic- fatty  acid  complex. 


Table  2. — Analysis  of  Tannin  Extracts  From  Ponderosa  Pine  Bark 


(Percentages  based  on  oven-dry  weight  of  bark) 


Total  sugar 

Total 

Soluble 

Insol¬ 

Non¬ 

Acid,  as 

Reducing 

after 

Age  group 

Sample 

solids 

solids 

ubles 

Tannin 

tannin 

•  pH 

acetic 

sugar 

hydrolysis 

Years 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Bottom 

16.2 

13.9 

2.3 

7.7 

6.2 

3.4 

0.016 

2.61 

2.88 

160  to  200 

Middle 

14.1 

12.9 

1.2 

6.7 

7.2 

3.6 

.012 

3.02  ' 

8.11 

Top 

16.9 

14.9 

2.0 

6.6 

8.4 

3.7 

.011 

3.14 

4.66 

Bottom 

20.2 

17.8 

2.4 

10.4 

7.4 

3.6 

.027 

2.86 

4.88 

200  to  260 

Middle 

16.8 

14.6 

1.8 

6.6 

8.9 

3.8 

.024 

2.66 

3.90 

Top 

16.1 

18.8 

2.8 

6,7 

8.1 

4.0 

.020 

3.18 

4.82 

Bottom 

23.1 

19.6 

3.6 

11.4 

8.1 

4.0 

.020 

6.60 

6.16 

250  to  300 

Middle 

18.0 

16.4 

1.6 

7.1 

9.8 

4.1 

.018 

2.22 

2.77 

‘ 

Too 

17.9 

16.1 

•i  1.8 

7.0 

9.1 

4.1 

.018 

l;62 

2.18 
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Table  3. — Extractive  Content  of  Ponderosa  Pine  Bark 


(Percent  of  oven-dry  weight  of  the  unextracted  bark) 


Ethyl  ether 

Acetone 

Water 

Total  of  three 

Age  group 

Sample 

Moisture 

solubles 

solubles 

solubles 

extractives 

Years 

Percent 

Percent 

Percent 

Percent 

Percent 

Bottom 

9.90 

6.06 

6.10 

11.05 

28.21 

150  to  200 . 

_ Middle 

9.76 

5.47 

6.47 

12.94 

23.78 

Top 

9.25 

6.54 

6.54 

18.15 

25.84 

Bottom 

9.78 

6.44 

8.24 

12.80 

26.98 

200  to  250 . 

_ Middle 

9.82 

5.18 

4.67 

12.42 

23.22 

Top 

9.68 

6.17 

5.58 

12.20 

28.96 

Bottom 

10.25 

8.13 

*8.84 

11.72 

28.69 

250  to  300 . . 

_ Middle 

9.64 

6.11 

5.78 

11.89 

28.78 

Top 

9.05 

7.33 

6.69 

18.20 

27.12 

and  a  yellow  crystalline  flavonol,  in  yields  of 
4.6,  1.7,  and  1.4  percent  respectively. 

The  flavonol,  which  is  the  substance  that 
gives  ponderosa  pine  bark  its  characteristic 
yellow  color,  was  soluble  in  alcohol,  and  ace¬ 
tone,  slightly  soluble  in  water,  benzene,  and 
chloroform,  and  insoluble  in  petroleum  ether. 
It  gave  a  dark  green  color  to  ferric  chloride 
and  sodium  hydroxide  solutions ;  whereas,  with 
zinc  and  hydrochloric  acid  it  gave  an  orange- 
red  color.  It  melted  with  decomposition  at 
305°  C.  and  the  penta-acetate  derivative  (40.7 
percent  acetyl  groups)  melted  at  237°  to 
239°  C.  Methoxyl  groups  were  absent. 

The  wax  was  found  to  consist  of  42.1  per¬ 
cent  of  free  behenic  and  lignoceric  acids  and 
57.9  percent  of  neutral  products.  The  latter, 
after  saponification,  gave  51.2  percent  of  sim¬ 
ilar  fatty  acids  combined  as  the  ester,  and  48.8 
percent  of  unsaponifiable  matter. 

The  phenolic-fatty  acid  complex  was  soluble 
in  benzene,  but  insoluble  in  petroleum  ether. 
Saponification  with  alkalies  gave  a  phloba- 
phene-like  product  and  a  fatty  acid  mixture. 

Extractive-Free  Ponderosa  Pine  Bark 

Analyses  of  the  bark  residue  after  extraction 
with  alcohol-benzene,  ethanol,  and  hot  water 
are  shown  in  Table  4.  The  sum  of  the  lignin, 
chlorite  holocellulose,  and  ash  residue  ac¬ 
counted  for  98.0  percent  of  the  extractive- free 
bark. 

Approximately  one-half  of  the  extractive- 
free  bark  residue  is  a  non-cellulosic  material 
determined  as  'Tignin”  in  the  usual  lignin 
determination  procedure.  The  other  half  is 
cellulosic  in  nature.  Because  the  greater  portion 
of  the  so-called  lignin  in  the  bark  is  tenaciously 
bound  to  the  cellulose,  chlorination  procedures 
for  the  isolation  of  the  cellulose  were  found 


Table  4. — ^Analysis  of  Extractive-Free 
Ponderosa  Pine  Bark 

(Percent  of  oven-dry  weight  of  extracted  bark) 


Constituent  Percent 

Ash _  0.42 

"Lignin”,  insoluble  in  72%  HjSO# _ 51.60 

Chlorite  holocellulose^ _ 46.30 

Pentosan _  9.94 

Methoxyl  group _  3.29 

Acetyl  group _  0.76 

Methoxyl  in  "Lignin”*^ _  5.36 

1%  NaOH  soluMe _ 43.60 


^  Corrected  for  residual  lignin. 

*  The  methoxyl  in  "lignin"  is  based  on  the  oven-dry 
weight  of  "lignin". 

) 

not  applicable.  The  ethanolamine  holocellulose 
and  the  Cross  and  Bevan  cellulose  procedures 
gave  products  that  retained  over  30  percent 
lignin.  Delignifaction  with  sodium  chlorite  in 
acetic  acid  solution  (3,  9)  gave  a  white  residue 
that  still  contained  4  to  6  percent  of  lignin. 
Delignifaction  beyond  this  limit  led  to  marked 
loss  of  cellulosic  material.  It  appears  that  the 
use  of  sodium  chlorite  for  the  isolation  of  cel¬ 
lulose  from  barks  has  not  been  tried  previously. 

The  quantitative  procedure  that  was  finally 
used  for  the  determination  of  the  cellulose  is 
as  follows: 

A  3-gram  sample  of  the  extracted  bark  was 
weighed  accurately  on  the  analytical  balance  in 
duplicate  and  transferred  to  a  250-ml.  Erlen- 
meyer  flask.  To  the  contents  were  added  160 
ml.  of  distilled  water,  ten  drops,  of  glacial  ace¬ 
tic  acid,  and  1.5  g.  of  sodium  chlorite.  The 
flask  was  sealed  loosely  by  placing  a  25-ml. 
Erlenmeyer  flask  in  the  neck  and  then  heated 
in  a  hood  at  70°  to  80°  C.  for  30  minutes.  At 
the  end  of  this  period,  or  when  the  dilorine 
dioxide  fumes  were  no  longer  discharged,  10 
drops  of  glacial  acetic  were  added  followed  by 
an  additional  1.5  g.  of  sodium  chlorite.  The 
suspension  was  thoroughly  mixed  and  the  heat- 
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Table  5. — Action  of  Chlorine  Dioxide  on  Extracted  Ponderosa  Pine  Bark 

'  Holocellulosf 

Addition!  Time  at  Holo-  corrected  (or 

Sample  No.  Weight  of  NaClO  >  room  temp.  cellulose  Lignin  lignin 

Grams  No.  Hours  Percent  Percent  Percent 

1 . .  6.0  6  8  62.6  11.7  46.6 


3  . 6.0  6 

4  .  8.0  6 

6 .  6.0  6 

6 .  8.0  6 

7  .  8.0  6 

8  .  8.0  6 


ing  continued  at  70®  to  80°  C.  Six  more  addi¬ 
tions  of  glacial  acetic  acid  and  sodium  chlorite 
were  made  at  one-half  to  1-hour  intervals  over 
a  period  of  approximately  4  hours.  As  the  rate 
of  chlorine  dioxide  consumption  decreased,  the 
later  additions  were  made  at  1-hour  intervals. 
After  the  sixth  addition  of  sodium  chlorite,  the 
flask  was  heated  for  1  hour  and  then  allowed 
to  stand  for  24  hours  at  room  temperature.  At 
the  end  of  this  period,  the  solution  was  filtered 
with  suction  through  a  tared,  fritted-glass  cru¬ 
cible.  The  cellulose  was  first  washed  thoroughly 
with  water  and  then  with  acetone,  air-dried  to 
remove  the  excess  of  solvent,  dried  in  an  oven 
at  105°  C.  for  2  hours,  cooled  in  a  stoppered 
weighing  bottle  in  a  desiccator  over  concen¬ 
trated  sulfuric  acid,  and  weighed. 

This  treatment  gave  a  white  product  that 
still  retained  about  five  percent  of  lignin.  A 
correction  was  made  for  this  residual  lignin  in 
calculating  the  yield  of  cellulose  in  the  bark. 
Data  on  the  isolation  of  the  cellulose  that  led 
to  the  adoption  of  the  foregoing  procedure  are 
shown  in  Table  5. 


48 

36.0 

2.1 

34.2 

60 

61.8 

6.2 

48.7 

86 

46.6 

4.8 

43.3 

48 

60.4 

7.0 

46.8 

36 

60.8 

6.6 

47.8 

24 

47.6 

4.4 

46.5 

36 

47.4 

6.4 

44.4 

Nature  of  the  "Lignin”  Fraction 

The  "lignin”  in  ponderosa  pine  bark  was 
found  to  be  a  mixture  of  at  least  two  sub¬ 
stances,  neither  of  which  had  the  properties  of 
lignin  isolated  from  wood.  Preliminary  studies 
on  the  material  isolated  by  the  72-percent 
HjSO^  lignin  procedure  revealed  that  it  had  a 
methoxyl  content  of  5.4l  percent.  About  one- 
third  was  soluble  in  either  hot  1 -percent  or  hot 
10-percent-caustic  solution,  and  a  portion  was 
readily  soluble  in  acetone,  alcohol,  or  dioxane. 
The  alkali  soluble  portion  contained  only  1.52 
percent  methoxyl  groups,  and  the  alkali  insol¬ 
uble  portion,  7.67  percent  methoxyl  groups. 

Direct  extraction  with  hot  1 -percent  sodium 
hydroxide  solution  removed  43.60  percent  of 
the  extractive-free  bark  residue.  Upon  acidifica¬ 
tion  of  the  caustic  solution  with  dilute  hydro¬ 
chloric  acid,  a  brown  amorphous  phenolic  acid 
was  precipitated  (Fig.  1).  This  was  recovered 
by  centrifuging,  washing  with  water,  dissolv¬ 
ing  in  a  minimum  of  acetone,  and  then  lepre- 
cipitating  with  benzene.  As  the  excess  hydro¬ 
chloric  acid  was  removed,  the  material  formed 
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a  colloidal  solution.  The  low  yield  of  17  per¬ 
cent  resulted  from  incomplete  precipitation  and 
the  difficulty  in  handling  the  product.  It  con¬ 
tained  2.0  percent  methoxyl  groups;  whereas, 
complete  methylation  with  dimethyl  sulfate  in 
sodium  hydroxide  solution  gave  a  light  brown 
product  containing  15.24  percent  methoxyl 
groups.  The  methylated  product  was  soluble  in 
dilute  base  and  had  a  neutralization  equivalent 
of  525.5.  The  bark  residue  that  was  insoluble 
in  sodium-hydroxide  solution  amounted  to  56.4 
percent,  contained  4.57  percent  methoxyl 
groups,  36.6  percent  72-percent  H^SO^  "lig¬ 
nin,”  and  62.5  percent  chlorite  holocellulose. 
"Lignin”  plus  holocellulose  accouhted  for  99-1 
percent  of  the  alkali  extracted  bark  residue. 
This  "lignin”  was  insoluWe  in  methanol,  ace¬ 
tone,  ethyl  ether,  and  benzene,  and  had  a 
methoxyl  group  content  of  10.57  percent.  Di- 
oxane  dissolved  31.8  percent  and  hot  1 -percent 
sodium  hydroxide  only  7  percent  of, this  alkali 
insoluble  "lignin;”  the  alkali  insoluble  fraction 
contained  9.98  percent  methoxyl  groups.  The 
higher  methoxyl  content  of  this  alkali  insoluble 
"lignin”  indicates  less  contamination  with  the 
low  methoxyl  acid  product.  Apparently,  72- 
percent  sulfuric  acid  renders  the  low  methoxyl 
product  less  soluble  in  dilute  alkalies. 

Discussion 

The  tannin  and  wax  in  the  bark  from  old 
ponderosa  pine  trees  appear  to  have  possibil¬ 
ities  for  commercial  extraction  and  utilization. 
In  this  connection  an  integrated  operation 
appears  desirable.  In  addition  certain  of  the 
naturally  occurring  flavonols  have  been  shown 
to  possess  biological  activity  and  medicinal 
value.  Therefore,  the  extractives  from  pon¬ 
derosa  pine  bark  have  been  made  the  subject 
of  further  research. 

The  cellulose  in  ponderosa  pine  bark  appears 
to  be  combined  with  lignin  by  a  linkage 
which  is  resistant  to  splitting  by  chlorination 
procedures.  Apparently,  there  are  at  least  two 
types  of  materials  in  the  bark  which  appear  by 
analysis  as  lignin,  and  these  are  significantly 
different  from  wood  lignins.  One  of  them, 
the  product  dissolving  in  one  percent  sodium- 
hydroxide  solution  is  present  in  large  amount. 
It  is  soluble  in  acetone,  contains  little  methoxyl, 
but  significant  percentages  of  free  carboxyl  and 
hydroxyl  groups.  The  second  is  a  product  in¬ 


soluble  in  acetone,  methanol,  and  dilute  alka¬ 
line  solutions  and  has  only  about  two-thirds 
methoxyl  groups  present  in  lignins  from 
softwoods.  From  a  chemical  standpoint,  pon¬ 
derosa  pine  bark  has  "lignin”  components  very 
similar  to  those  found  in  redwooid  bark  (7). 
The  alkali-soluble  matter  in  the  latter  bark  is 
finding  use  as  a  dispersant. 

PART  II.  SUGAR  PINE  BARK 
(Pinus  lamhertiana  Dougl.) 

The  sugar  pine  bark  used  in  this  work  was 
collected  in  August  1948  from  trees  growing 
at  an  elevation  of  about  4500  feet  in  the  Rogue 
River  National  Forest  15  miles  north  of  Butte 
Falls,  Oregon.  Samples  of  bark  were  taken 
separately  from  the  butt,  middle,  and  top  logs 
of  five  trees  from  5^2  to  ^V2  ^^t  in  diameter, 
which  were  recently  felled  in  a  commercial 
logging  operation.  Samples  from  smaller  and 
younger  trees  were  not  available.  The  dense 
reddish-brown  bark  was  3  to  4  in.  thidc  on  the 
bottom  logs  and  roughly  2  in.  thick  on  the  top 
logs.  Examination  of  thin  bark  sections  under 
the  microscope  showed  the  presence  of  typical 
thin-walled  parenchyma  cells,  cork  cells,  and 
sieve  tubes.  It  appeared  non-fibrous  in  struc¬ 
ture.  The  "cork”  consisted  of  thin,  hard,  dark- 
colored  particles,  having  little  resemblance  to 
the  cork  of  Douglas  fir  bark  or  that  of  the  cork 
oak. 

After  the  bark  samples  were  passed  through 
a  Greundler-Peerless  hammer  mill-shredder 
and  air-drying  to  a  moisture  content  of  roughly 
10  percent,  they  were  further  ground  in  a 
Wiley  mill.  Grinding  in  the  hammer  mill  re¬ 
duced  the  bark  to  amorphous  particles  and  a 
fine  dust;  no  well-defined  structural  elements, 
such  as  fiber  or  typical  cork  particles,  were  dis¬ 
tinguishable. 

The  analytical  results  for  ethyl  ether,  95- 
percent  ethanol,  and  hot-water  solubles,  deter¬ 
mined  consecutively  in  that  order,  are  shown  in 
Table  6.  Tannin  analyses,  made  by  the  official 
hide  powder  procedure  of  the  American 
Leather  Chemists  Association,  are  given  in 
Table  7. 

The  analyses  indicate  that  sugar  pine  bark  is 
relatively  low  in  total  wax  and  resin  content 
(2.2  to  3.1  percent).  Tannin  content  varied 
from  7.1  percent  at  the  bottom  of  the  trees  to 
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Table  6. — Extractive  Content  of  Sugar 
Pine  Bark 

(Percent  of  the  oven-dry  weight  of  unextracted  bark) 


Bottom 

bark 

Middle 
bark  , 

Top  bark 

{2-ft. 

(48-ft. 

(llO-ft. 

Material 

height) 

height) 

height) 

Percent 

Percent 

Percent 

Etj^l  ether  soluble _ 

95%  ethanol  soluble.  ... 

8.11 

2.27 

2.21 

15.58 

14.86 

15.27 

Hot-water  soluble _ 

2.82 

4.80 

4.00 

Total  of  three  extractives 

20.99 

21.93 

21.48 

Table  7. — Tannin  Content  of  Sugar  Pine  Bark 

(Percent  of  oven-dry  weight  of  bark) 

Material 

Bottom 

logs 

Middle 

logs 

Top  logs 

Percent 

Percent 

Percent 

Tannin . . 

7.1 

4.9 

6.6 

Total  solids . . . 

12.3 

12.0 

18.5 

Soluble  solids. . . 

10.4 

10.3 

11.0 

Insoluble  solids _ 

1.9 

1.7 

2.5 

Nontannin... . 

3.3 

5.4 

5.4 

Ratio  tannin  to  soluble 
solids _ ... 

68.2 

47.5 

50.9 

4.9  percent  at  the  middle 

and  5.6 

percent  at 

the  top.  The  diflference  between  the  tannin  con¬ 
tent  and  the  total  ethanol  soluble  is  representa¬ 
tive  of  the  phlobaphene  content  of  this  bark. 

The  ethyl  ether  extract  from  the  bark  from 
the  bottom  logs  was  a  brown,  partially  crystal¬ 
line  solid;  the  chief  components  were  a  white 
crystalline  alcohol  which  sublimeti  above  305° 
C.  and  a  white  crystalline  fatty  acid  (m.p. 
72°  C.)  that  was  similar  to  natural  lignoceric 
acid.  The  crystalline  alcohol  was  relatively  in¬ 
soluble  in  petroleum  ether,  ethanol,  chloro¬ 
form,  and  alkalies,  but  it  was  soluble  in  ethyl 
ether  and  hot  benaene.  After  drying  in  the 
oven  at  105°  C,  the  ether  extract  formed  a 
brown,  hard,  glossy  resin. 

An  acetate  derivative  formed  from  the 
alcohol  by  refluxing  with  acetic  anhydride  and 
anhydrous  sodium  acetate,  melted  between 
205°  and  206°  C.,  and  contained  24.3  percent 
acetic  acid.  Saponification  of  the  acetate  indi¬ 
cated  a  saponification  equivalent  of  246  and 
yielded  the  original  alcohol. 

A  minor  constituent  of  the  ether  extract  was 
a  brown  tannin-lignoceric  acid  complex  soluble 
in  acetone  or  alcohol.  Upon  saponification  this 
yielded  lignoceric  acid,  neutralization  equiva¬ 
lent  368,  and  a  dark-colored  phlobaphene. 

Subsequent  extraction  of  the  ethyl  ether- 
extracted  bark  with  acetone  in  a  large  Pyrex- 
glass  Soxhlet  extractor  gave  a  product  that 


appeared  to  consist  exclusively  of  a  dark  red 
tannin  and  phlobaphene.  The  tannin  gave  a 
voluminous  precipitate  with  gelatin  solution, 
produced  a  green-black  color  with  ferric  chlo¬ 
ride  solution,  and  was  precipitated  from  solu¬ 
tion  with  dilute  sulfuric  acid.  Only  a  small  part 
of  the  tannin  was  soluble  in  ethyl  acetate. 

The  hot- water  soluble  extractive  from  bark 
that  had  been,  previously  extracted  with  ether 
and  acetone  was  a  red-colored  gum.  Acid 
hydrolysis  yielded  a  phlobaphene-like  material 
and  reducing  sugar.  Finite,  which  is  present  in 
sugar  pine  wood,  was  not  found  in  the  bark. 

Analysis  of  the  bark  residue  after  extraction 
with  alcohol-benzene,  ethanol,  and  hot  water  in 
accordance  with  conventional  wood  analysis 
procedures  is  contained  in  Table  8.  The  bark 
used  for  this  purpose  was  a  composite  sample 
of  the  bottom,  middle,  and  top  barks. 

Table  8. — Analysis  of  Extractive-Free 
Sugar  Pine  Bark 

Percent  of  Percent  of 
oven-dry  oven-dry 
weiciit  of  weight 
extrscted  of 


Analysis 

bark 

material 

insoluble  In  72%  H  sSO  4  .  . 

61.80 

6.37 

Pentosan.' _ J _ _ 

7.76 

3.63 

Ash _ _ 

0.40 

“Holocsllulose” » _ _ 

47.19 

Lignin  in  holocellulose . . 

28.4 

Holocelluloae  corrected  for  lignin ... 
‘‘Holocellulose’’* . . 

36.15 

38.1 

Lignin  In  holocelluloae . . . 

Holocelluloae  corrected  for  lignin _ 

37' o' 

2.8 

Cross  and  Bevan  celluloae . . 

41.86 

----- 

Lignin  in  C  and  B  celluloae . . 

C  and  B  cellulose  corrected  for 

25.04 

limin _ _ _ _ _ _ 

Acetyl  groups _ _ _ 

31.87 

• 

0.46 

■Holocelluloae  by  chlorination  and  ethanoiamine  procedure 
^Holocelluloae  by  sodium  chlorite  procedure. 


Discussion 

The  extractives  from  sugar  pine  bark,  be¬ 
cause  of  quantity  and  chemical  nature,  appear 
to  have  little  possibility  of  present  day  utiliza¬ 
tion.  Because  of  the  low  tannin  content  to¬ 
gether  with  the  dark  color  of  the  tannin  itself, 
it  appears  doubtful  that  commercial  tannin  ex¬ 
traction  for  leather  manufacture  is  feasible. 
Currently,  there  is  little  commercial  utilization 
of  phlobaphenes  from  wood  or  barks.  These 
materials  are  rich  in  phenols,  and  it  is  possible 
that  a  use  may  be  found  for  them  in  plastics, 
dispersants,  oil-well  drilling  muds,  and  anti¬ 
oxidants.  They  are  also  thermoplastic  and  par¬ 
tially  thermosetting.  Hence,  ground  sugar  pine 


281 


/ 

FOREST  PRODUCTS  RESEARCH  SOCIETY 


bark  on  heating  under  pressure  forms  a  hard 
"plastic”  board  with  a  smooth  surface.  The 
wax  content  of  sugar  pine  bark  appears  too  low 
to  warrant  commercial  extraction. 

More  than  6l  percent  of  the  extractive-free 
sugar  pine  bark  residue  consisted  of  a  noncar¬ 
bohydrate  material,  which  was  determined  as 
lignin  in  the  conventional  lignin  determination 
procedure.  It  differs  from  wood  lignins  in  that 
it  contains  only  one-fourth  to  one-third  of  the 
methoxyl  groups  present  in  wood  lignins. 

Roughly,  37  percent  of  the  extractive-free 
bark  residue  was  composed  of  a  white  cellu- 
losic  material,  which  was  isolated  with  sodium 
chlorite  in  acetic  acid  solution.  If  was  not  pos¬ 
sible  to  isolate  this  cellulose,  free  from  lignin, 
by  the  usual  chlorination  procedures  applicable 
to  wood.  The  sum  of  chlorite  holocellulose, 
"lignin”,  and  ash  residue  accounted  for  98.7 
percent  of  the  extractive-free  bark. 

Summary 

The  bark  of  ponderosa  pine  was  found  to 
contain  23.2  to  28.7  percent  of  extractives;  the 
highest  yield  was  obtained  from  the  bark  at  the 
bottom  of  the  oldest  trees.  Tannin  content 
ranged  between  5.6  and  11.4  percent  with  the 
highest  amount  found  in  the  bark  from  the 
bottom  of  old  trees.  Sugar  content  of  the 
tannin  extracts  was  high  and  amounted  to  30 
to  50  percent  of  the  tannin  content  Other  ex¬ 
tractives  were:  a  lignocerate  wax  obtained  in 
4.6  percent  yield,  a  phenolic-fatty  acid  complex 
obtained  in  1.7  percent  yield,  and  a  flavonol 
yellow  coloring  matter  obtained  in  1.4  percent 
yield.  The  latter  is  responsible  for  the  charac¬ 
teristic  yellow  color  of  ponderosa  pine  bark. 

The  extractive-free  ponderosa  pine  bark 
residue  was  found  to  consist  of  51.6  percent 
"lignin”,  46.30  percent  of  holocellulose,  and 
0.42  percent  ash  residue.  These  three  compo¬ 
nents  accounted  for  98.3  percent  of  the  ex¬ 
tracted  bark  residue.  A  part  of  the  "lignin” 
was  tenaciously  bound  to  the  cellulose.  The 
"lignin”  was  found  to  be  a  mixture  of  at  least 
two  substances,  i.e.,  a  low  methoxyl  phenolic 
acid  and  a  material  with  9.9  percent  methoxyl 
groups. 

Sugar  pine  bark  was  found  to  contain 
approximately  21  to  22  percent  of  extractives; 


the  tannin  content  ranged  between  4.9  and  7.1 
percent,  whereas  the  wax  content  ranged  be¬ 
tween  2.2  and  3.1  percent.  The  major  extrac¬ 
tive  from  this  bark  was  a  reddish-brown  phlo- 
baphene.  Minor  extractives  were  lignoceric  acid 
and  an  alcohol  that  sublimed  above  305°  C. 

The  extractive-free  sugar  pine  bark  residue 
consisted  of  61.3  percent  "lignin”,  37.0  percent 
holocellulose,  and  0.40  percent  ash  residue. 
These  three  components  accounted  for  98.7 
percent- of  the  extracted  bark  residue. 
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Lumber  Recovery  From  Douglas  Fir  Logs 
in  British  Columbia 

C.  F.  McBride 

Forest  Products  Engineer,  Forest  Products  Laboratory,  Vancouver,  British  Columbia,  Canada 


The  increase  in  quanti»  of  lower  grade  Douglas  fir  logs  on  thq  British  Columhia  coast  has  developed 
interest  in  the  most  mofitaole  use  and  method  of  manufacture.  This  paper  shows  the  results  of  a  study  of 
three  circular  saw  mills  and  three  whole-log  jsang  saw  mills  cutting  Gracte  2  and  3  Douglas  logs.  Details 
of  ovemm,  lumto  grade  recovery,  Mwing  time,  labor  costs,  and  lumber  recovery  values  are  submitted  for 
logs  varying  in  diameter  from  9  to  27  inches. 


Introduction 

HE  history  of  the  lumber  industry  in  the 
Douglas  fir  Region  of  the  British  Colum¬ 
bia  coast  has  followed  much  the  sffme 
pattern  as  that  of  older  forest  regitKis.  In  the 
early  days,  logging  was  carried  out  in  the  most 
accessible  stands  by  selecting  the  best  trees  and 
taking  only  the  choice  logs.  Gradually,  with 
the  introduction  of  power  machinery,  logging 
methods  were  changed;  the  whole  stand  was 
cut  and  all  the  logs  were  taken,  with  a  result¬ 
ing  decrease  in  both  log  size  and  grade.  At  the 
present  time  poorer  stands  and  more  inacces¬ 
sible  areas  are  being  developed.  The  high  cap¬ 
ital  investment,  high  stumpage  price,  and  the 
fact  that  the  end  of  the  mature  timber  is  in 
sight  have  resulted  in  closer  utilization  in  an 
effort  to  spread  costs  over  a  larger  volume  of 
wood  and  to  extend  the  life  of  the  operations. 
This  has  resulted  in  a  further  reduction  in  log 
size  and  grade.  The  percentage  of  No.  3  Doug¬ 
las  fir  logs  has  increased  from  13  percent  in 
1924  to  31  percent  at  the  present  time,  with  a 
corresponding  decrease  in  the  percentage  of 
No.  1  and  No.  2  logs. 

Faced  with  this  situation,  the  wood-using  in¬ 
dustry  has  initiated  a  program  to  integrate  pro¬ 
duction  by  co-ordinating  the  activities  of  log¬ 
ging  camps,  sawmills,  pulp  mills,  plywood 
plants,  fiber-board  plants,  and  minor  wood¬ 
using  industries.  Some  companies  are  now  fully 
developed  to  handle  the  complete  utilization  of 
the  tree.  Plywood  is  made  from  the  best  logs, 
lumber  is  cut  from  the  logs  best  suited  to  this 
use,  and  the  remaining  logs,  together  with 
residue  from  logging  and  sawmilling,  are  manu¬ 
factured  into  pulp. 


Production  studies  are  required  to  deter¬ 
mine  the  size  and  quality  of  log  that  may  be 
used  to  best  advantage  in  each  process  of  this 
integration.  Lumber  production  studies  are 
considered  to  be  an  important  factor  in  deter¬ 
mining  the  size  of  log  most  suitable  for  lumber 
production.  This  paper  presents  a  comparison 
of  the  labor  costs,  lumber  grade  production, 
overrun,  and  lumber  recovery  value  for  gang 
saw  mills  and  short  log  circular  saw  mills,  in 
order  to  appraise  the  relative  value  of  the  two 
methods  of  cutting.  Grade  2  and  3  Douglas  fir 
logs  only  have  been  considered. 

Types  of  Mills  Studied 

It  is  recognized  that  no  two  sawmills  are 
alike  in  layout,  methods  of  cutting,  or  type  of 
logs  used.  However,  in  this  report  an  attempt 
is  made  to  compare  the  results  of  a  study  at 
three  circular  sawmills  and  three  whole-log 
gang  sawmills  considered  fairly  representative 
of  the  smaller  types  of  sawmill.  The  mills 
studied  are  located  on  tide-water  and  have  ^ 
daily  capacity  ranging  from  40  to  60  M  ft.b.m. 
per  8-hour  shift.  The  results  have  been  grouped 
in  two  t)’pes,  namely,  whole-log  gang  sawmills 
and  short-log  circular  sawmills. 

The  three  gang  sawmills  cut  short  logs  and 
in  addition  to  the  whole-log  gang  are  equipped 
with  an  edger,  double-end  trimmers,  and  green- 
chain.  One  mill  also  has  a  vertical  band  resaw. 
The  kerf  of  the  gang  saws  is  3/1 6  inch. 

The  three  circular  sawmills  also  cut  short 
logs.  One  mill  uses  a  double-circular  head- 
saw,  an  edger,  a  double-end  trimmer,  and  a 
vertical  band  resaw.  The  second  mill  is 
equipped  with  a  single-circular  head  saw,  an 
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edger,  and  a  double-end  trinuner.  The  third 
has  a  double  circular  head-saw,  an  edger,  and 
two  pony  carriages  which  saw  cants  from  the 
head-saw.  Time  figures  for  this  latter  mill  have 
not  been  included,  since  the  mill  represents  a 
very  unusual  type  of  layout.  Grade  and  volume 
recovery,  however,  are  considered  normal  and 
have  been  included  in  the  averages  with  the 
other  two  mills.  In  all  cases  the  kerf  is  %  inch 
for  the  head-saw. 

Manufacturing  Practice 
The  normal  length  of  logs  arriving  at  the 
mills  varies  from  28  to  40  feet  and  it  is  the 
practice  to  buck  these  logs  into  two  shorter  logs 
before  they  enter  the  mill.  All  mills  except  one 
are  "green”  mills,  cutting  mostly  for  the  export 
market,  with  the  smaller  percentage  of  the  cut 
sold  locally.  Practically  all  the  export  lumber 
is  sold  rough  and  green.  Common  lumber  for 
local  markets  is  sold  green  S4S  and  the  clears 
are  usually  sold  rough  green  to  a  plant  with 
dry  kilns. 

The  lumber  sizes  cut  run  heavily  to  2  inches 
and  thicker  and  4  inches  and  wider  with  a 
small  percentage  of  1-inch.  Common  export 
sizes  are  2,  2^,  and  3  by  5,  7,  or  9  inches, 
with  export  ties  being  5  by  10  in.  by  8^  ft. 
Widths  and  thickness  to  both  odd  and  even 
inches  and  lengths  to  1-foot  intervals  are  cut 
for  export.  Local  sizes  are  cut  to  even  widths 
and  thicknesses  and  even  lengths  except  in 
clears,  which  are  trimmed  in  1-foot  intervals. 

Study  Procedures 

Scaling 

The  logs  were  numbered  in  sequence,  scaled, 
and  graded  on  the  log-deck  under  the  British 
Colunrbia  Log  Rule.  Average  diameter,  to  the 
nearest  inch,  at  both  ends  and  length  to  the  odd 
foot  were  measured.  Cubic  content  of  the  logs 
was  calculated  by  the  Smalian  formula.  The 
log  scale  was  computed  by  using  average  diam¬ 
eter  at  the  small  end  and  the  length  measured 
to  even  feet.  The  Douglas  fir  log  grades  used 
were  as  follows:  No.  1 — Logs  suitable  for 
flooring,  reasonably  straight,  not  less  than  20 
feet  long,  not  less  than  30  inches  in  diameter, 
clear,  free  from  such  defects  as  would  impair 
the  value  for  clear  lumber. 

No.  2 — Logs  not  less  than  14  inches  in  diam¬ 
eter,  not  over  24  feet  long,  or  not  less  than  12 


inches  in  diameter,  and  over  24  feet,  sound, 
reasonably  straight,  free  from  rotten  knots  or 
bunch-knots,  and  the  grain  straight  enough  to 
ensure  strength. 

No.  3 — Logs  having  visible  defects,  such  as 
bad  crooks,  bad  knots,  or  other  defects  that 
would  impair  the  value  and  lower  the  grade 
of  lumber  below  merchantable. 

Culls — Logs  lower  in  grade  than  No.  3. 

Timing 

The  next  step  was  to  time  the  logs  at  the 
head-saw.  This  time  is  considered  to  be  the 
governing  factor  of  mill  production,  as  the 
head-saw  sets  the  pace  for  the  rest  of  the  mill. 
The  rest  of  the  mill  cannot  work  any  faster 
than  the  head-saw,  and  on  the  other  hand,  if 
the  head-saw  cuts  too  fast  for  the  rest  of  the 
mill,  the  sawyer  has  to  stop  or  slow  down  until 
the  congestion  is  relieved.  The  time  for  an  in¬ 
dividual  log  was  taken  as  the  interval  from  the 
time  the  carriage  was  stopped  in  position  to 
receive  a  log  to  the  time  it  was  stopped  again 
to  receive  the  next  log.  Delay  time,  such  as 
rest  periods  and  saw  changes,  which  was  not 
directly  attributable  to  the  characteristics  of  the 
log  itself,  was  totalled  and  pro-rated  against  all 
logs  as  a  percentage  of  the  net  time. 

Grading  and  Tallying 

The  lumber  was  graded  on  the  green  chain, 
under  British  Columbia  Lumber  and  Shingle 
Manufacturers’  Association  Standard  Grading 
and  Dressing  Rules,  List  No.  44,  by  a  Pacific 
Lumber  Inspection  Bureau  inspector.  Tallying 
was  done  so  that  the  lumber  from  each  log  was 
kept  separately.  Nominal  dimensions  and 
length  by  1-foot  intervals  were  recorded. 

Results  of  the  Study 
The  Sample 

Douglas  fir  Grade  2  and  3  logs,  scaling 
428,240  ft.  b.m.  were  studied.  Of  this  volume, 
174,499  ft.  b.m.  was  cut  at  the  circular  saw¬ 
mills  and  253,746  ft.  b.m.  was  cut  at  the  gang 
sawmills.  At  the  circular  sawmills  the  average 
log  scaled  191  ft.  b.m.,  with  averages  of  251 
ft.  b.m.  for  Grade  2  logs  and  153  ft.  b.m.  for 
Grade  3  logs.  At  the  gang  sawmills  the  average 
log  was  200  ft.  b.m.,  with  averages  of  249  ft. 
b.m.  for  Grade  2  Itogs  and  156  ft.  b.m.  for 
Grade  3  logs. 
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The  logs  came  from  various  parts  of  the 
lower  British  Columbia  coast,  mostly  from  the 
east  coast  of  Vancouver  Island.  The  logs  as 
sawn  ranged  from  12  to  26  feet  in  length  and 
were  placed  in  two  length  groups,  16  feet  and 
22  feet,  for  cbnvenience  in  compiling.  The  di¬ 
ameters  ranged  from  8  inches  to  28  inches  and 
were  grouped  into  3-inch  diameter  classes  for 
compiling.  The  distribution  by  diameter  classes 
is  shown  in  Table  1. 

Table  l. — Distribution  of  Log  Sizes  by  Diameter 
Classes  Used  in  Grade  Recovery 

Grade  2  logs  Grade  3  logs 


Diameter  Circular  Gang  Circular  Gang 

(Inches)  mills  mills  mills  mills 

9 . . .  70  64 

12 .  14  16  214  255 

15 . 125  195  140  164 

18 .  108  167  62  109 

21 .  67  121  44  55 

24 . 27  76  17  26 

27 . 14  21  11  . 

Total .  355  596  558  673 

Log  scale .  89,266  148, '412  85,228  105,334 

feet  b.m.  feet  b.m.  feet  b.m.  feet  b.m. 

Ave.  log .  251  249  153  156 

feet  b.m.  feet  b.m.  feet  b.m.  feet  b.m 


Sawing  Time 

Sawing  time  is  considered  as  the  basis  for 
allocating  labor  costs  to  the  various  sizes  of 
logs.  The  net  sawing  time  was  increased  by 
a  percentage  to  allocate  delay  time  not  attrib¬ 
utable  to  log  characteristics,  but  to  other  factors 
such  as  saw  changing,  mechanical  breakdowns, 
and  congestion  in  the  mill.  In  the  circular  saw¬ 
mills  the  delay  time  amounted  to  5.0  percent 
of  the  net  sawing  time,  while  in  gang  saw¬ 
mills  there  was  a  delay  of  11.1  percent  of  the 
net  sawing  time.  This  delay  time  as  distributed 
is  shown  in  Table  2. 

Table  2. — Sawmill  Delay  Time  Not 
Attributable  to  Log  Characteristics 

Circular  Gang 


Causes  of  delay  mill  mill 

Allocated  delay  in  percentage  of  net 
sawing  time _  5.0  11.1 

Causes  of  delay  time  in  percent 

Saw  changes . 57  50 

Congestion _  16  12 

Mechanical  breakdowns . . 15  20 

Green-chain  stoppage . .  9  - 

Miscellaneous . 4  18 

Total  delay  time _ _ - .  100  100 


Lumber  Recovery 

Overrun.  Overrun  is  the  amount,  expressed 
as  a  percentage  of  net  scale,  by  which  the  foot¬ 
age  of  lumber  produced  from  a  log  exceeds  the 


footage  predicted  by  the  log  rule  used.  Under- 
run  results  if  the  footage  of  lumber  produced 
is  less  than  that  shown  in  the  log  rule. 

Normally,  overrun  for  logs  scaled  under  the 
British  Columbia  Log  Rule  (which  is  about  3 
percent  lower  than  the  Scribner  Decimal  C 
Rule)  varies  considerably  with  the  diameter 
of  the  log,  running  as  high  as  40  percent  for 
9-inch  logs  and  gradually  decreasing  to  15  or 
10  percent  as  the  diameter  increases. 

Overrun  quoted  in  this  paper  is  based  on 
log-deck  scale.  As  previously  noted  the  logs 
purchased  by  the  mill  are  of  standard  lengths 
varying  from  28  to  40  feet,  with  the  majority 
being  40  feet  long.  In  the  six  mills  under  con¬ 
sideration,  the  logs  are  bucked  in  the  pond  into 
lengths  varying  from  12  to  26  feet.  Owing  to 
the  taper  of  the  log  and  the  fact  that  the  diam¬ 
eter  is  measured  at  the  small  end  this  operation 
in  itself  adds  considerably  to  the  overrun.  In 
one  mill  this  factor  was  studied.  First,  each 
long  log  was  scaled  and  then  the  scale  of  each 
of  the  two  logs,  into  which  it  was  bucked,  was 
recorded.  This  overrun  from  bucking  was 
found  to  vary  from  5.7  percent  for  27-inch 
diameter  logs  to  45  percent  for  9-inch  diam¬ 
eter  logs,  based  on  the  water  scale  of  the  stand¬ 
ard  long  logs.  Details  are  shown  in  Fig.  1. 

Normally,  overrun  from  gang  sawn  logs  is 
considered  to  be  quite  high  and  at  least  con¬ 
siderably  higher  than  that  from  logs  sawn  in 
circular  sawmills.  However  this  study  shows 
that  for  two  of  the  gang  sawmills  cutting  2  and 
3-inch  material  the  overrun  was  very  small. 
The  other  gang  sawmill  cut  2-inch  lumber  from 
the  sides  and  4-inch  lumber  out  of  the  centre 
of  the  logs,  breaking  the  lumber  down  further 
on  the  edger  and  the  vertical  band  resaw.  This 
mill  showed  an  overrun  which  gradually  de¬ 
creased  from  42  percent  for  9-inch  logs  to  15 
percent  for  27-inch  logs,  whereas  the  other  two 
gang  sawmills  showed  in  one  case  a  practically 
constant  overrun  of  7.5  percent,  and  in  the 
other  case  an  overrun  varying  from  15  percent 
for  9-inch  logs  to  zero  percent  for  27-inch 
logs.  This  lack  of  overrun  in  the  two  gang 
sawmills  was  due  to  several  factors,  including 
the  following:  the  logs  were  not  sorted,  the 
gang  saw  crowded  the  edger  to  such  an  extent 
that  the  operator  did  not  have  time  to  get  the 
most  out  of  the  lumber,  and  no  attempt  was 
made  to  salvage  1-inch  material  from  the  slabs. 
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Fig.  1. — Percentage  overrun  of  lunnber  tally  over  the 

British  Columbia  Log  Rule  by  diameter  classes. 

V 

The  overrun  from  the  three  circular  saw¬ 
mills  was  quite  uniform,  with  the  average  vary¬ 
ing  from  45  percent  for  9-inch  logs  to  13.5 
percent  for  27-inch  logs.  Fig.  1  gives  curves 
showing  the  overrun  obtained  by  bucking 
standard  logs  into  shorter  lengths;  the  average 
overrun  for  the  three  circular  sawmills;  the 
average  overrun  for  the  three  gang  sawmills; 
the  overrun  for  the  gang  sawmill  with  a  resaw, 
and  the  average  overrun  for  two  gang  saw¬ 
mills  without  resaws. 

Relation  of  Cubic  Scale  to  Log  Scale  and 
Lumber  Recovery.  The  inadequacies  of  the 
British  G)lumbia  Log  Rule  are  similar  to  those 
of  the  Scribner  Decimal  C  Rule  used  in  the 
Pacific  Northwestern  States.  Both  log  rules  are 
entirely  inadequate  below  12-inch  diameters 
and  the  amount  of  lumber  cut  from  logs  of 
smaller  diameters  shows  a  considerable  over¬ 
run,  as  can  be  readily  seen  by  reference  to 
Fig.  1. 


The  volumes  of  the  logs  studied  were  com¬ 
puted  on  a  cubic  foot  basis  from  the  Smalian 
formula.  When  the  number  of  board  feet,  log 
scale, -per  cubic  foot  was  calculated,  the  results 
showed  a  variation  from  4.4  for  logs  of  9-inch 
diameter  to  7.0  for  logs  of  24-inch  diameter 
for  l6-foot  logs. 

When  the  board  feet,  lumber  tally,  per  cubic 
foot  of  log  was  calulated,  the  relation  was 
found  to  be  uniform  at  7.1  for  all  diameters 
of  l6-foot  logs.  However,  length,  because  of 
the  effect  of  taper,  introduces  a  variable,  and 
as  the  length  of  the  log  increases  the  board- 
foot  cubic-foot  relation  decreases  on  both  the 
log  scale  and  lumber  tally  basis.  This  trend  has 


Fig.  2. — Cumulative  lumber  grade  percentages  by 
diameter  classes  for  grade  2  Douglas  fir  logs  cut  at 
circular  mills. 
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been  observed  for  16*  and  2  2 -foot  Douglas  fir 
logs  and  for  1 6-foot  Engelmann  spruce  logs. 

Grade  Recovery.  Lumber  grade  recovery  for 
each  grade  of  logs  was  similar  for  both  cir¬ 
cular  and  gang  sawmills.  The  grade  recovery 
followed  the  normal  trend  of  an  increase  in 
the  clear  grades  with  increase  in  log  diameter 
and  log  grade,  whereas  the  common  grades 
tended  to  decrease  with  increase  in  log  diam¬ 
eter.  The  figures  show  the  percentage  of 
boards,  dimension,  and  timbers  in  the  Select 
Common  and  No.  1  Common  grades,  and  it  is 
in  these  divisions  that  the  major  differences 
occur.  The  cut  of  the  gang  mills  was  practi¬ 
cally  all  dimension  stock,  whereas  the  cut  of  the 


Fig.  3. — Cumulative  liimber  grade  percentages  by 
diameter  classes  for  grade  2  Douglas  fir  logs  cut  at 
gang  mills. 
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Fig.  4. — Cumulative  lumber  grade  percentages  by 
diameter  classes  for  grade  3  Douglas  fir  logs  cut  at 
circular  mills. 


circular  mills  ran  to  a  high  percentage  of 
timbers. 

Figs.  2  to  5  show  the  average  percentage  in 
lumber  grade  recoveries  by  log  diameter  for 
Grade  2  and  3  logs  cut  by  the  circular  and  the 
gang  sawmills. 

Labor  Costs 

As  stated  previously,  sawing  time  is  consid¬ 
ered  to  be  the  governing  factor  in  sawmill  pro¬ 
duction.  The  sawing  time  per  M  ft.  b.m., 
lumber  tally,  is  used  as  a  basis  for  allocating 
labor  costs  for  the  mill  from  pond  to  green- 
chain.  The  labor  costs  include  wages  for  all 
employees  actually  engaged  in  the  manufactur¬ 
ing  processes  of  the  nfill,  including  carrier 
drivers,  but  not  power-house  employees.  The 
hourly  wages  for  the  key  men  are  as  follows. 
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Fig.  5. — Cumulative  lumber  grade  percentages  by 
diameter  classes  for  grade  3  Douglas  fir  logs  cut  at 
gang  mills. 


Other  rates  may  be  taken  as  in  normal  relation 
to  these. 

Circular  sawyer _ $2.16  per  hour 

Gang  sawyer _ 1-45  per  hour 

Edger  man _ 1.47  per  hour 

Trimmerman _ 1.17V^  per  hour 

Green-chain  puller - 1.12y2  Pcr  hour 

Boomman _  1.17^2  per  hour 

Laborer _ 1.08  per  hour 


The  labor  costs  of  operating  the  circular  saw¬ 
mills  averaged  49  cents  per  minute,  or  $29.52 
per  hour,  while  for  the  gang  sawmills  the  labor 
costs  averaged  59  cents  per  minute,  or  $35.28 
per  hour. 

When  these  figures  are  applied  to  the  sawing 
time,  the  labor  costs  of  sawing  logs  of  various 
diameters  are  obtained  as  shown  in  Table  3. 
These  necessarily  show  the  same  trend  as  the 
sawing  time  per  M  ft.  b.m.  and  indicate  that 
for  l^foot  logs  gang  sawmills  have  a  higher 
labor  cost  by  $0.85  for  9-inch  diameter  logs, 
but  that  for  12-inch  diameter  logs  the  gang 
sawmill  costs  and  circular  sawmill  costs  are 
practically  identical  at  $6.99  and  $6.96  respec¬ 
tively.  For  27-inch  logs  the  gang  sawmill  labor 
cost  is  $1.24  less  than  the  circular  sawmill 
labor  cost.  From  these  figures  it  is  apparent 
that  gang  sawing  is  a  cheaper  method  than  cir¬ 
cular  sawing,  except  when  logs  below  10  inches 
in  diameter  are  used. 

Determination  of  Log  Values 

Prices 

The  following  prices  per  M  ft.  b.m.  were 
used  to  calculate  lumber  recovery  values  for  the 
various  sixes  of  logs.  These  values  are  taken  as 
being  close  to  the  market  price,  f.o.b.  the  mill, 
for  the  Ginadian  rail  market  as  of  March  1, 
1949,  and  are  based  on  the  same  price  spreads 
as  appear  in  the  Market  Survey,  No.  49-1, 
published  by  the  British  G)lumbia  Lumber 
Manufacturers’  Association.  In  the  clear  grades 
the  price  was  adjusted  on  the  basis  of  50  per¬ 
cent  B  and  Better  and  50  percent  C  Clear  for 
No.  2  logs,  and  on  the  basis  of  33V2  percent  B 
and  Better  and  66%  percent  C  Clear  for  No.  3 
logs.  In  the  Select  Conunon  and  No.  1  Com¬ 
mon  the  timber  prices  have  been  adjusted  to 
allow  for  the  higher  price  of  ties  for  the  cir¬ 
cular  sawmills. 


Table  3. — Labor  Costs  (Dollars  per  M  b.m.)  and  Sawing  Time  per  M  b.m. 

16-foot  logs  22-foot  lof* 

Circular  Gang  Circular  Gang 


Sawing 
time  per 
Mb.m. 

Coat 

Sawing 
time  per 

M  b.m. 

Coat 

Sawing 
time  per 

M  b.m. 

Coat 

Sawing 

time  per 

M  b.m. 

Coat 

(Incbea) 

(min.) 

($) 

(min.) 

($) 

(min.) 

($) 

(min.) 

(8) 

» 

........  22.8 

10.98 

20.1 

11.88 

17.6 

8.61 

.  16.9 

9.96 

12  . 

. .  14.2 

6.96 

11.9 

6.99 

11.6 

6.72 

10.9 

6.40 

If, 

. .  11.6 

6.64 

8.8 

6.18 

9.6 

4.70 

8.0 

4.71, 

18 _ 

_ _ •  10.2 

6.00 

7.8 

4.29 

8.7 

4.28 

0.7  ' 

8.98 

21 . 

.  9.6 

4.78 

6.6 

8.80 

8.4 

4.12 

5.9 

'  8.49 

24 

4.66 

6.0 

3.68 

8.8 

4.09 

6.6.  . 

8.22 

27 . 

9.6 

4.67 

6.8 

8.43 

8.3 

4.10 

6.2  * 

8. or 
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Lumber  Recovery  Value 

The  values  of  lumber  recovery  per  M  ft. 
b.m.  from  logs  in  the  different  diameter  classes 
have  been  calculated  from  the  above  lumber 
prices  and  are  shown  in  Table  4. 

Table  4. — Prices  Used  (per  M  b.m.) 

Clean 

Gang  and  Circular  Mills 

No.  2  Logs— 192.60  No.  8  Logs— $91.70 

Commons 

Circular  Gang 
MiU  MiU 

Select  Common  1" _ $49.00  $49.00 

Sdeet  Common  2" _ 51.00  51.00 

Select  Common  Timben _  67.50  64.00 

No.  1  Common  1" _  46.00  46.00 

No.  1  Common  2" . 48.00  48.00 

No.  1  Common  Timben . . .  62.50  60.00 

No.  2  Common _ 43.00  43.00 

No.  8  Common . . 82.50  82.50 

No.  4  Common _ 22.50  22.50 

The  lumber  recovery  values  for  Grade  2  logs 
show  a  value  of  $2.80  more  for  circular  saw¬ 
mills  than  for  gang  sawmills  in  logs  of  12-inch 
diameter  and  $4.70  higher  for  27-inch  logs.  In 
both  cases  the  lumber  recovery  value  shows  a 
straight  line  increase.  Grade  3  logs  cut  by  cir¬ 
cular  sawmills  ,show  a  value  higher  than  those 
cut  by  gang  sawmills  with  the  difference  in- 
aeasing  from  $1.40  for  9-inch  logs  to  $4.90 
for  21-inch  logs,  and  decreasing  to  $3.60  for 
27-inch  logs.  It  is  interesting  to  note  that  the 
value  of  Grade  3  logs  increases  up  to  15  inches 
and  thereafter  drops.  This  rise  is  due  in  part 
to  the  fact  that  logs  smaller  than  14  inches 
and  less  than  24  feet  long  are  not  allowed  in 
Grade  2.  Lumber  recovery  values  are  shown  in 
Table  5. 


Table  5. — ^Lumber  Recovery  Values  per  M  b.m. 


No.  2  logo 

No.  8  logs 

Dimmeter 

Circular 

milla 

Gang 

mills 

Circular 

mills 

Gang 

mills 

Inchea 

Dollars 
per  M  b.in. 

Dollars 
per  M  b.m. 

Dollars 
per  M  b.m. 

Dollars 
per  M  b.m. 

9 . 

51.20 

49.80 

12 . 

56.50 

62.70 

52.50 

51.80 

16 . 

57.40 

54.80 

58.60 

61.40 

18 _ ... 

59.40 

55.90 

58.40 

49.50 

21 . 

61.40 

57.40 

58.00 

48.10 

24 . 

68.80 

59.00 

52.20 

47.70 

27... . 

66.80 

60.60 

51.20 

47.60  ■ 

The  great  difference  between  prices  of 
dimension  and  timbers  accounts  for  the  differ¬ 
ence  in  liunber  recovery  values  between  the 
gang  and  the  circular  sawmills. 


Summary 

The  results  of  this  study  of  the  sawmilling 
of  Grades  2  and  3  Douglas  fir  logs  can  be 
summarized  as  follows: 

1.  The  sawing  time  per  M  ft.  bjn.  was 
higher  for  the  circular  sawmills  than  for 
the  gang  sawmills. 

2.  Labor  costs  per  hour  were  lower  for  the 
circular  sawmills  than  for  the  gang  saw¬ 
mills. 

3.  The  labor  costs  per  M  ft.  b.m.  lumber 
tally  were  higher  for  the  circular  sawmills 
than  for  the  gang  sawmills. 

4.  The  overrun  of  the  circular  sawmills  was 
fairly  uniform  and  higher  than  the  aver¬ 
age  for  the  gang  sawmills.  However, 
one  gang  sawmill  with  a  resaw  had  an 
overrun  similar  to  that  of  the  circular 
sawmills. 

5.  The  lumber  grade  recovery  was  very  simi¬ 
lar  for  both  circular  and  gang  sawmills 
but  the  circular  sawmills  cut  a  higher  per¬ 
centage  of  timbers. 

6.  This  difference  in  the  volume  of  timbers 
was  responsible  for  the  fact  that  the  value 
of  lumber  produced  by  the  circular  saw¬ 
mills  was  higher  than  that  from  the  gang 
sawmills. 

7.  The  lower  cost  per  M  ft.  b.m.  of  operat¬ 
ing  the  gang  sawmills  was  more  than  off¬ 
set  by  the  higher  value  of  the  products 
produced  by  the  circular  sawmills. 

Conclusions 

The  results  of  this  study  indicate  that  for 
lumber  prices  used  and  present  day  wage  rates 
circular  sawmills  will  produce  a  higher  profit 
than  gang  sawmills.  Taking  labor  costs  two 
years  ago  and  Canadian  controlled  prices,  how¬ 
ever,  there  is  very  little  difference  between  the 
two  types  of  mill. 

The  fact  that  one  gang  sawmill,  by  using  a 
resaw  and  by  sorting  logs,  was  able  to  increase 
its  overrun  above  that  of  the  other  two  gang 
sawmills  appears  to  indicate  that  gang  sawmill 
operations  must  be  carefully  planned  to  get  the 
most  out  of  a  log.  Careful  sorting  of  logs, 
changing  saw  patterns  to  suit  each  sort  of  log, 
cutting  the  size  of  logs  best  suited  to  produce  a 
given  order,  and  cutting  1-inch  material  from 
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the  sides  of  the  log  are  necessary  for  an  effi¬ 
cient  gang  sawmill  operation. 

The  method  of  using  two  gang  saws  in  tan¬ 
dem,  as  practised  in  Sweden,  m^  be  the  most 
successful  application.  In  this  system  a  slab 
and  possibly  an  inch  board  are  taken  o£F  each 
side  of  the  log  in  the  first  gang,  leaving  a  cant 
in  the  center,  which  is  then  turned  down  and 
cut  by  the  second  gang.  This  method  fully 
utilizes  the  log  and  takes  full  advantage  of  the 
cutting  accuracy  of  gang  saws  by  producing  a 
high  percentage  of  boards  gang-sawn  on  four 
sides. 

Live-sawing  a  log  into  2-inch  lumber  as 
practised  in  two  of  the  gang  sawmills  studied  ' 
produces  heavy  edgings  and  fails  to  utilize 
1-inch  boards  from  the  slabs. 

Further  study  of  the  various  methods  of 
gangsawing  lumber  are  necessary  before  a  com¬ 
plete  picture  can  be  obtained. 

Discussion 

A.  C.  Knauss  (U.  S.  Forest  Service) :  It  is 
interesting  to  compare  with  the  results  pre¬ 
sented  by  Mr.  McBride  similar  data  obtained 
in  three  studies  on  lumber  grade  recovery  from 
Douglas  fir  in  the  United  States.  Elmer  £.  Mat- 
son,  Pacific  Northwest  Forest  and  Range  Ex¬ 
periment  Station  at  Portland,  Oregon  reports 
the  following  results  on  a  study  made  in  a 
southern  Oregon  sawmill,  cutting  logs  from  a 
200-  to  300-year  age  class  Douglas  fir  stand. 
The  mill  is  equipped  with  a  band  headrig  and 
a  resaw.  Logs  22  inches  and  over  produced  an 
overrun  of  10  percent.  Smaller  logs  yielded 
higher  overrun  values,  the  10-inch  diameter 
class  showing  a  value  of  50  percent. 

In  another  study  at  a  circular  mill  (not 
equipped  with  a  resaw)  logs  from  a  forest 
stand  with  85-  to  135-year  age  class  were  cut 
into- dimension  and  timbers.  Twenty-four  inch 
and  larger  diameter  logs  showed  an  overrun  of 
12  percent.  The  10-inch  diameter  class  pro¬ 
duced  an  overrun  of  27  percent. 


In  a  third  study  small  logs  were  put  through 
a  Swedish  gang  and  edger-equipped  sawmill 
producing  boards  and  dimension.  The  10-inch 
diameter  class  of  logs  here  yielded  an  overrun 
of  46  percent. 

Mr.  McBride:  It  is  interesting  to  note  how 
closely  the  figures  on  overrun'  for  band  and 
circular  mills  quoted  by  Mr.  Knauss  agree  with 
the  figures  found  in  British  G>lumbia  for  the 
larger  logs.  The  small  difference  can  be  ac¬ 
counted  for  by  the  spread  between  the  B.  C. 
Log  Rule  and  the  Scribner  Log  Rule. 

The  figure  of  46  percent  overrun  obtained 
at  a  Swedish  gang  mill  is  in  line  with  that 
normally  expected  from  mills  of  this  type  when 
logs  are  sorted  and  the  saw  pattern  is  set  up 
to  suit  each  log  sort.  This  figure  is  compar¬ 
able  to  that  obtained  in  our  study  at  the  Swed¬ 
ish  gang  mill  which  sorted  logs  for  size  and 
was  equipped  with  a  re-saw, 

Robert  A.  Cockrell  (University  of  Gilifor- 
nia) :  In  spite  of  comparable  values  of  output, 
isn’t  there  a  greater  loss  of  wood  through  saw¬ 
dust  because  of  wider  kerf  of  circular  saws 
over  gangsaws?  Most  circular  saws  that  I  am 
familiar  with  have  %-inch  teeth  and  if  there 
are  any  irregularities  in  alignment,  there  is, an 
additional  loss.  Blades  highly  tensioned  in  a 
gangsaw  frame  surely  can  be  kept  in  true 
alignmeht  and  usually  have  a  3/1 6-inch  kerf. 
Possibly  this  could  be  reduced  to  ^-inch. 

Mr.  McBride:  'There  is  no  question  that  the 
circular  saws  cut  more  wood  into  sawdust  than 
gang  saws.  However,  our  studies  show  that 
this  is  offset  at  the  edger  where  the  quantities 
of  solid  waste  and  sawdust  are  both  heavier 
than  for  the  circular  mills.  This  is  caused  by 
at  least  three  factors:  (1)  every  board  from 
the  gang  mill  has  to  be  edged  on  both  edges; 
(2)  in  the  mills  studied  the  edgerman  was 
crowded  so  that  he  had  insufficient  time  to  set 
the  saws  for  each  board;  and  (3)  the  edger 
cuts  the  taper  out  of  two  sides  of  the  log. 
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Evaluation  of  Resin  Adhesives 

Robert  P.  Hopkins 

Plywood  Group  Leader,  Rohm  and  Haas  Co.,  Resinous  Products  Division,  Philadelphia,  Pa. 

Tex  methods  avmilable  for  the  evaluation  of  resin  adhesivea  for  wood  have  been  the  subject  of  consider¬ 
able  discussion  because  trf  the  difficult);  encountered  in  correlating  diese  tests  with  service  conditions.  This 
paper  contains  a  detailed  stud]r  of  the  influence  of  conatmcdonal  variatioos  of  the  test  qiedmen  on  the  per- 
tonianoe  of  resin  adhesives  in  laboratot]r  cvde*  and  outdoor-esposure  tests.  The  dau  points  up  the  impor¬ 
tance  of  a  better  recognition  of  the  physical  stresses  in  a  fine  fine  if  more  indicative  evaluation  tests  ate  to 
be  realiaed.  The  teat  procedures  have  been  based  on  commercially  available  resin  adhesives. 


Introduction 

The  l4-year  commercial  development  of 
synthetic  resin  adhesives  for  the  wood 
industry  in  this  country  resulted  in  a 
national  consumption  of  some  seventy-five 
million  pounds  of  these  materials  during 
1948  (2).  Among  the  primary  reasons  for 
such  wide  acceptance  has  been  the  quality  im¬ 
parted  to  the  bonded  wood  by  diese  resins.  The 
order  of  glue  joint  quality  may  vary  from  the 
water  resistant  property  of  flour-extended  urea 
formaldehyde  resins  on  up  to  the  weather 
resistant  character  of  melamine  and  the  phe- 
nolics. 

The  test  methods  employed  by  resin  pro¬ 
ducers,  consumers  and  interested  government 
agencies  to  estimate  the  general  limits  of  use 
for  the  various  adhesives,  are  of  a  limited 
variety.  Outdoor  exposure  tests,  tensile  shear 
on  plywood  specimens  before  and  after  immer¬ 
sion  in  boiling  water  or  water  at  room  temper¬ 
ature",  and  compression  shear  on  laminated 
wood  comprise  the  commonly  used  tests  for 
evaluating  the  resin  glues.  These  tests  have 
generally  prevented  the  selection  of  a  resin,  or 
bonding  conditions  for  that  resin,  which  would 
not.  do  ^  job  for  which  it  was  intended. 
Nevertheless  few  persons  familiar  with  adhe¬ 
sives  fail  to  recognize  the  negative  nature  of 
these  tests  as  indicated  by  their  inadequacy  to 
estimate  performance  of  the  resins  under  a 
wide  variety  of  service  conditions.  (This  prob¬ 
lem  of  course  is  by  no  means  peculiar  to  the 
field  of  adhesives.) 

The  famous  British  Mosquito  plywood 
bomber  used  in  the  past  war  contained  cold 
setting  urea  formaldehyde  assembly  glues  (7). 
Tests  conducted  by  the  British  provided  data 
which  resulted  in  government  approval  of  urea 


formaldehyde  adhesives  in  this  application.  Yet 
there  is  little  test  data  in  this  country  to  recom¬ 
mend  U/F  resins  for  such  use.  There  is  a 
divergence  of  opinion  on  the  performance  of 
the  ureas  in  the  Mosquito  but  the  important 
point  to  realize  is  that  discrepant  opinions  of 
the  U/F  resins  resulted  from  tests  by  different 
agencies. 

I  am  familiar  with  satisfactory  results  ob¬ 
tained  on  unprotected  laminated  one-inch  and 
two-inch  Douglas  fir  lumber,  cold  bonded  with 
a  urea  formaldehyde  resin  and  exposed  out¬ 
doors  for  four  years.  The  condition  of  the  glue 
lines  at  the  end  of  that  period  was  very  satis¬ 
factory — but  outdoor  exposure  studies  on  birch 
pl3rwood  showed  the  same  resin  to  be  unsatis¬ 
factory  in  far  less  time. 

Undoubtedly  many  of  you  could  provide  a 
list  of  similar  examples  of  the  above  variations 
or  discrepancies.  At  any  rate,  the  desirability 
of  obtaining  better  concrete  information  on 
factors  governing  resin  performance  should  be 
apparent  to  us  all.  For  example,  an  adhesive 
may  be  known  to  suffer  chemical  degradatim 
through  embrittlement,  prolonged  exposure  to 
water,  or  certain  temperatures  and  humidities, 
etc.  Such  degradation  can  be  readily  detected 
by  exposure  of  simple  plywood  specimens  to 
these  various  conditions.  But  these  chemical 
degradation  tests  lose  much  of  their  signifi¬ 
cance  when  they  either  do  not  obtain  in  actual 
service  or  when  other  causes  of  deterioration, 
primarily  physical  stressing  of  the  glue  line  are 
of  as  mudi  concern  as  the  degree  of  chemical 
durability  of  the  glue.  It  is  the  latter  influence 
which  needs  better  study  to  aid  in  obtaining 
more  realistic  evaluation  procedures. 

Published  information  on  the  subject  of 
evaluating  adhesives  for  the  wood  industry  in- 
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dudes  extensive  work  done  at  the  Forest  Prod¬ 
ucts  Laboratory  at  Madison,  Wisconsin  (11,  3, 
1).  Dietz  and  Grinsfelder  have  discussed  the 
effect  of  mechanical  stresses  on  phenolic 
bonded  plywood  ^4/  Truax  and  Selbo  reported 
on  a  rapid  method  for  determining  the  dura¬ 
bility  of  glue  joints  in  laminated  beams  (10). 
Perry  cautions  against  generalizations  on  the 
permanence  of  boil- resistant  glues  (9).  Marra 
has  called  attention  to  the  relationship  of  stress 
factors  set  up  by  moisture  gradients  in  different 
wood  constructions  (8)  while  Delmonte  re¬ 
views  the  generally  used  tests  for  wood  adhe¬ 
sives  quite  thoroughly  (3). 

In  the  hope  that  the  aims  of  the  Society 
might  be  served,  particularly  insofar  as  they 
relate  to  providing  data  on  test  methods  and 
procedures,  we  offer  the  following  information 
on  the  testing  of  resin  glues. 

A  recent  investigation  at  our  laboratory  was 
undertaken  to  provide  us  with  a  better  under¬ 
standing  of  some  of  the  factors  affecting  the 
performance  of  resin  adhesives  on  wood.  Gen¬ 
eral  relationships  of  construction,  wood  spe¬ 
cies,  etc.  to  glue  performance  were  of  course 
common  knowledge  but  curiosity  as  to  the  ex¬ 
tent  of  these  relationships  was  the  motivating 
force  for  our  work.  In  such  a  ^  study  the 
vagaries  of  laboratory  cycling  test  *  procedures 
also  were  of  interest.  We  believed  the  knowl¬ 
edge  to  be  gained  was  fundamental  to  further 
efforts  to  approach  the  goal  of  indicative  per¬ 
formance  tests.  Therefore  both  outdoor  expo¬ 
sure  and  laboratory  soak-dry  tests  were  con¬ 
ducted  on  representative  types  of  resin  adhe¬ 
sives.  (In  view  of  the  seasonal  variations  in 
atmospheric  conditions  the  entire  exposure 
studies  on  the  various  panels  were  made  in  the 
same  period.)  The  study  was  concerned  essen¬ 
tially  then  with  the  resistance  of  the  resins  to 
physical  stresses  applied  to  the  glue  lines  by 
Ae  bonded  wood  itself. 

Comparison  of  the  Effect  of  Veneer  Thick¬ 
ness  on  the  Strength  of  Resin  Glues 

Our  first  efforts  to  study  the  behavior  of 
resin  adhesives  in  different  constructions  were 
concerned  with  the  three-ply  ^  in.  yellow 
birch  veneer  panels  familiar  to  you  who  have 
tested  resin  glues.  This  construction  was  com¬ 
pared  to  a  three-ply  in.  birch  veneer  panel 


using  various  types  of  resins.  The  comparison 
was  based  on  tensile  shear  testing  of  the  con¬ 
ventional  3^  by  1-inch  specimen  and  on 
observation  of  the  amount  of  edge  delamina¬ 
tion  of  the  panels  exposed  outdoors. 

The  behavior  of  the  glues  in  various  modifi¬ 
cations  of  conventional  soak  cycle  tests  was 
observed  to  determine  whether  by  chance  we 
might  be  able  to  approximate  some  relation¬ 
ship  with  the  exposure  tests.  Moreover  we 
were  not  so  much  interested  in  comparing  the 
water  resistance  or  exposure  resistance  of  the 
various  adhesives  as  we  were  in  noting  the  ex¬ 
tent  of  the  stress  variations  regardless  of  the 
glues. 

Table  1  contains  tensile  shear  strength  data 
obtained  with  the  two  panel  constructions  after 
completion  of  various  tests.  Data  are  listed  for 
the  edge  delamination  observations  made  half 
way  through  the  exposure  period  and  immedi¬ 
ately  prior  to  cutting  the  panels  for  final  shear 
strength  determinations.  An  effort  was  also 
made  to  determine  the  percent  of  shear 
strength  retained  by  the  three-ply  in.  and 
three-ply  ^  in.  veneer  panels.  Test  procedures 
are  described  in  the  appendix. 

Reviewing  the  information  contained  in 
Table  1  in  the  order  of  its  significance,  it  will 
be  noted  that  there  is  strong  evidence  that 
three-ply  in.  panels  provide  a  somewhat 
more  severe  test  of  the  glue  than  three-ply  Yg 
in.  panels  under  conditions  of  outdoor  expo¬ 
sure.  An  average  shear  strength  retention  of 
32.8  percent  resulted  with  the  three-ply  ^  in. 
construction  bonded  with  the  five  various  resin 
adhesives  tested.  This  value  is  to  be  contrasted 
to  an  average  shear  strength  retention  of  31.4 
percent  for  the  three-ply  Yg  in.  panels.  More¬ 
over  in  support  of  the  consistently  lower  shear 
strength  retention  observed  with  the  ^  in. 
veneer  plywood  was  the  edge  delamination 
noted  with  the  panels  made  with  veneers  of 
this  thickness  and  cold  bonded  with  urea  for¬ 
maldehyde  resin. 

The  above  differences  are  chiefly  attributable 
to  the  greater  amplitude  of  stresses  set  up  on 
the  glue  lines  of  the  Ar  veneer  panels. 
These  stresses  result  from  the  wetting  and  dry¬ 
ing  of  the  wood.  Under  similar  conditions 
in.  veneer  reaches  a  higher  moisture  content  or 
a  given  moisture  content  faster  than  is  the  case 
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with  Yg  in.  veneer.  Likewise  the  ^  in.  veneer 
of  a  given  wood  species  loses  its  moisture 
faster  than  the  Yg  in.  veneer. 

The  laboratory  cycle  tests  on  plywood, 
despite  being  composed  of  a  combination  of 
the  soak  cycle  and  boiling  water  cycle  used  in 
many  specifications,  obviously  tend  to  over¬ 
estimate  the  outdoor  durability  of  phenolics  on 
plywood  constructions.  (It  should  be  noted 
here  that  we  are  speaking  in  relative  terms  and 
that  the  comments  are  being  made  on  the  be¬ 
havior  of  a  resin  in  constructional  variations. 
The  actual  bond  strength  of  the  phenolics  after 
outdoor  exposure  is  satisfactory.) 

This  relative  "overestimation”  of  phenolic 
resin  durability  in  plywood  tests  will  be  con¬ 
trasted  later  to  the  performance  of  phenolics 
and  other  types  of  resins  in  similar  tests  but 
on  different  constructions. 

G)mparison  of  Cross  Ply  Versus  Laminated 
Construction 

In  developing  our  study  of  the  inherent 
stress  relationships  of  construction  to  glue  line 
strength,  a  brief  comparison  was  made  of 
three-ply  Y&  veneer  plywood  (cross  ply) 
and  three-ply  Y%  laminates  (parallel  grain) . 
The  comparison  was  restricted  to  edge  delami¬ 
nation  readings  after  outdoor  exposure  since 
the  badly  cupped  condition  of  the  laminates 
prevented  any  shear  tests. 

The  data  illustrate  the  increased  severity  of 
the  stresses  developed  on  the  glue  by  using  the 
cross  ply  construction  characteristic  of  plywood. 

Comparison  of  Total  Thideness  of  Laminates 
in  Parallel  Grain  Construction 

Tests  were  next  made  on  laminated  speci¬ 
mens  glued  up  from  members  of  different 
thicknesses.  White  oak  sections  2^  by  12  by 
in.  were  bonded  with  the  four  resin  formu¬ 
lations  listed  in  Table  3.  For  this  study  of  the 
effect  of  wood  thickness  on  glue  line  perform¬ 


ance,  two-ply  and  four-ply  laminates  were 
tested.  The  laboratory  cyding  procedure  was 
identical  with  that  described  in  the  appendix. 
In  some  cases  the  shear  values  reported  for  the 
outdoor  exposure  samples  are  higher  than  those 
listed  for  the  initial  dry  strength  of  the  glue. 
This  may  be  attributable  to  the  fact  that 
stronger  wood  may  have  been  used  in  the  out¬ 
door  specimens,  although  the  wood  used  for  a 
given  glue  was  generally  quite  uniform. 

It  is  particularly  noteworthy  that  the  1^ 
year  exposure  showed  no  perceptible  degrada¬ 
tion  of  the  glues  while  a  definitely  deteriorat¬ 
ing  effect  was  observed  in  the  laboratory 
cycling  tests.  Little  difference  exists  between 
the  effect  of  the  two-  and  four-ply  laminated 
lumber  on  the  glues,  probably  beouse  of  little 
variation  in  the  densi^  of  the  laminae. 

The  excellent  shear  strength  recorded  for 
the  exposed  oak  laminate  bonded  with  the  for¬ 
tified  urea  is  certainly  in  contrast  to  the  mariced 
degradation  observed  in  the  plywood  tests. 
Since  the  laboratory  cycle  tests  in  both  types  of 
specimens  showed  similar  deterioration  of  the 
glue,  the  laminated  oak  apparently  fails  to 
develop  the  stresses  of  three-ply  ^  in.  birch 
plywood. 

The  data  on  the  water  resistant  phenolic 
resins  also  makes  it  quite  clear  that  inherent  in 
the  degrading  influences  of  cycle  tests  on  the 
glues  are  the  equally  destructive  influences  on 
the  wood.  The  persistent  falling  off  of  shear 
strength  with  slight  changes  in  wood  failure 
points  up  an  example  of  the  objectionable 
character  of  laboratory  cycling  tests.  The  oak 
is  stronger  after  being  exposed  to  the  elements 
for  18  months  than  after  being  soak  cycled  and 
given  one  four  hour  boiling  water  immersion. 

Effect  of  Use  of  Thin  Veneer  Core  in 
Maple  Laminates 

Continuing  the  study  of  the  effect  of  con¬ 
structional  variations  on  the  strength  of  resin 


Table  2. — Effect  of  Grain  Direction,  of  Wood  on  Glue  Line  of  One  Foot  Square  Panels 


Ed(e  deUmination 


Reain 

Bonding 

Temp. 

Conatruction 

After  9  montha 

After  18  montha 

•F. 

Percent 

Percent 

Urea  formaldehyde _ 

. . —  80 

croaa  ply 

36 

100 

parallel  ply 

19 

62 

Urea  formaldehyde  A _ ; _ 

_ _ _  260 

croaa  ply 

100 

parallel  ply 

20 

60 

Urea  formaldehyde  B _ 

.  260 

croaa  ply 

47 

100 

parallel  ply 

11 

3T 

295 

FOREST  PRODUCTS  RESEARCH  SOCIETY 


adhesives,  attention  was  given  to  the  construe-  The  maple  block  exposure  comparison  was  re- 
tion  commonly  used  for  obtaining  compression  stricted  to  a  comparison  of  the  compression 
shear  test  specimens.  Laminated  two-ply  %  in.  shear  specimen  to  the  regular  2^  by  12  in. 

maple  blodcs,  2^^  by  12  in.,  whose  specific  blocks  from  which  the  shear  specimens  are  cut. 

gravity  was  above  0.65,  were  bonded  with  a  A  phenolic  resin  film  glue  was  used  in  the 

resorcinol  resin  at  room  temperature.  This  con-  preparation  of  the  plywood  while  a  now  obso- 

stmetion  was  compared  to  another  laminated  lete  resorcinol  type  was  employed  for  the  maple 

maple  block  having  a  ^  in.  veneer  core.  The  blocks. 

following  comparison  demonstrates  variable  The  dry  shear  exposure  data  reported  in 

deterioration  on  a  given  glue  produced  in  sim-  Tables  5A  and  5B  were  obtained  after  an  out- 

Table  4. — Effect  of  Use  of  Thin  Veneer  Core  in  Maple  Laminates 

Dry  shear  alter 
18  months 

Bonding  Initial  Soak  dry  Soak  dry  Soak  dry  outdoor 

Type  Resin  Temp.  Construction  dry  shear  cycle  boil  dry  2  boil  dry  exposure 

op. 

resorcinol .  80  two-ply  H  in.  laminate  8161-71  1868-42  1968-64  ,  862-28  3067-76 

formaldehyde....  80  core-modified  laminate  2788-96  2781-100  1887-90  1667-40  2188-70 


ilar  tests  by  varying  the  construction  of  the 
specimen. 

The  simple  maple  laminate  maintained  ex¬ 
cellent  strength  outdoors  with  the  resorcinol 
resin  but  showed  pronounced  deterioration  in 
the  cycles  of  room  temperature  water  immer¬ 
sion  and  drying  at  140“  F.  By  contrast  the  ^ 
in.  core-modified  laminate  showed  a  more 
noticeable  loss  in  strength  outdoors  than  on 
the  room  temperature  water  immersion — 140“ 
F.  dry  cycle  tests. 

The  regular  maple  laminate  is  capable  of 
ultimately  greater  stress  on  the  glue  than  the 
veneer  modified  laminate  if  conditions  are 
severe  enough  as  indicated  by  the  comparison 
of  the  cycle  test  data.  The  latter  specimen  how¬ 
ever  is  more  prone  to  develop  stress  as  a  result 
of  moisture  content  gradients  because  of  the 
presence  of  the  thin  veneer.  (Note  outdoor  ex¬ 
posure  shear  strength.) 


door  exposure  period  of  18  months  in  Phila¬ 
delphia.  All  shear  specimens  of  course  were  of 
standard  size  when  tested. 

Table  5 A. — ^Plywood  Tensile  Test  Data  on 
SPEaMENS  of  Different  Size 

Original  conatruction  12  by  12  in.  6  by  12  in.  8)4  by  1  in. 

Final  Dry  Shear .  366-68  341-44  297-80 

Initial  Dry  Shear _  _  _  614-07 

Table  5B. — Maple  Block  Shear  Data  on 
SPEaMENS  of  Different  Size 

Original  construction  2)4  by  12  in.  1)4  by  2  in. 

Final  Dry  Shear .  1840-00  specimens  delaminated 

Initial  Dry  Shear .  2912-11 

With  either  specimen  or  wood  species  an 
inverse  relationship  of  size  of  specimen  to 
severity  of  test  is  indicated.  It  is  believed  that 
a  greater  latitude  of  moisture  content  gradients 
occurs  with  the  smaller  specimen  thus  creating 
more  pronounced  stressing  of  the  glue  line. 


Effect  of  Size  of  Test  Specimen 

The  outdoor  exposure  work  described  thus 
far  was  done  on  10^^-  by  10^-inch  plywood 
panels  or  2i^-  by  12-inch  laminated  blocks. 
We  were  naturally  interested  in  the  effect  of  a 
given  test  condition  on  different  size  specimens, 
particularly  on  the  conventional  3%-  by  1-in. 
plywood  tensile  shear  specimen  and  the  2-  by 
l.V^-in.  maple  block  compression  shear  speci¬ 
men. 

Three  test  sample  sizes  were  observed  on 
three-ply  ^  in.  yellow  birch  plywood:  (1)  12 
by  12  in.;  (2)  6  by  12  in.;  (3)  3^  by  1  in. 


Influence  of  Wood  Species  on  Glueline 
Strength 

Any  attempt  at  demonstrating  the  common 
causes  of  glue  line  stress  which  did  not  con¬ 
sider  the  effect  of  the  wood  species  would  be 
incomplete.  Laminated  two-ply  %  in.  sugar 
maple  blocks,  similar  to  the  type  referred  to 
previously,  were  compared  to  white  oak  in  a 
similar  construction.  The  tests  employed  are 
also  similar  to  those  described  in  the  appendix. 
A  resorcinol  formaldehyde  resin  of  lower  re¬ 
activity  than  those  now 'commercially  available 
was  used  with  paraformaldehyde  and  37  per- 
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cent  aqueous  formaldehyde  "catalyst”  (actually 
resin  formers) .  Elevated  temperatures  were 
used  in  bonding  the  resorcinol  resin-parafor¬ 
maldehyde  system  while  only  room  temperature 
was  used  in  preparing  the  laminates  with  the 
resorcinol  resin-aqueous  formaldehyde  glue. 
Hie  following  data  on  the  two  wood  species 
simultaneously  demonstrate  the  effect  of  state 
of  cure  of  the  resin. 


tions  of  use  come  to  the  conditions  (tempera¬ 
ture,  humidity,  etc.)  at  which  a  given  resin 
might  be  known  to  suffer  chemical  degrada¬ 
tion.  The  absence  of  better  information  on 
these  two  important  considerations  constitutes 
a  primary  failing  in  the  conclusions  derived 
from  commonly  used  evaluation  procedures. 

A  phenolic  glue  film  which  opened  the  door 
to  the  development  of  resin  adhesives  for 


Table  6. — Effect  of  Wood  Speqes  on  Bond  Strength 


"CSitalyst'’ 

Bonding 

temp. 

Specimen 

construction 

»F. 

140 

maple  laminate 

140 

37  percent  aqueous  formaldehyde _ 

87  percent  aqueous  formaldehyde _ 

77 

77 

maple  laminate 
oak  laminate 

Initial 

dry 

compression 

shear 

Soak  dry 
cycle 

Soak  dry 

1  Boil 

Soak  dry 

2  Boil 

18-month 
outdoor 
'exposure 
dry  shear 

2912-11 

2148-76 

647-02 

2168-87 

delam. 

1976-69 

1990-62 

870-00 

2603-77 

8162-71 

1997-98 

1868-42 

2121-84 

1964-64 

1993-91 

862-23 

1874-97 

3067-76 

2176-60 

Greater  stresses  are  set  up  by  the  maple  and 
the  only  reliable  way  of  compensating  for  the 
increased  stresses  is  by  improving  the  degree 
of  cure  of  the  resin.  In  the  above  example  this 
was  accomplished  by  using  aqueous  formalde¬ 
hyde  which  is  a  more  reactive  source  of  for¬ 
maldehyde  than  paraformaldehyde.  Generally 
however  attention  to  bonding  conditions  accom¬ 
plishes  the  same  purpose. 

Significance  of  the  Information  Obtained 

This  phase  of  our  investigation  of  factors 
governing  the  behavior  of  resin  adhesives  has 
provided  us  with  something  other  than  broad 
generalizations.  As  stated  in  the  fore  part  of 
this  paper,  it  had  been  known  that  wo^  spe¬ 
cies,  and  particularly  the  construction  of  glued 
wood,  had  a  bearing  on  the  performance  of  a 
resin.  We  did  not  realize  the  reversal  of  dete¬ 
rioration  trends  in  laboratory  versus  outdoor 
exposure  tests  dependent  upon  differences  in 
construction  and  species  of  the  glued  wood. 
The  importance  of  the  size  and  construction  of 
a  specimen  on  the  performance  of  a  resin  glue 
in  a  test  is  apparent. 

No  one  questions  the  fact  that  ultimate 
stresses  produced  by  a  given  moisture  gradient 
are  greater  in  lumber  than  in  veneer,  or  in 
cross  ply  constructions  as  opposed  to  laminated 
constructions.  What  must  be  questioned  is  how 
closely  the  conditions  of  use  come  to  approach¬ 
ing  the  development  of  the  ultimate  stresses  of 
various  assemblies  regardless  of  construction. 
Equally  questionable  is  how  closely  the  condi¬ 


wood  in  this  country  was  found  to  suffer  sig¬ 
nificant  strength  loss  when  exposed  outdoors  in 
the  standard  three-ply  in.  birch  tensile  shear 
specimen.  Yet  larger  exposure  specimens  (12 
by  12  in.  and  6  by  12  in. — Table  5  A)  show  lit¬ 
tle  strength  loss  and  in  the  fourteen  years  of  the 
resin’s  commercial  use  in  aircraft,  furniture, 
etc.  not  a  single  failure  has  been  reported. 
Accelerated  temperature  and  humidity  test  data 
on  urea  resins  published  by  a  government 
agency  (6)  also  showed  degradation  when  the 
same  type  specimen  was  used.  Yet  the  urea 
formaldehyde  resin  adhesive  is  also  a  proven 
product. 

We  believe  this  work  lends  further  weight 
to  the  argument  for  designing  tests  which  in¬ 
clude  more  realistic  information  on  the  amount 
of  physical  stresses  set  up  by  various  wood  con¬ 
structions.  The  present  character  of  evaluation 
procedures  for  wood  adhesives  overemphasizes 
possible  chemical  degradation  of  the  resin  after 
exposure  to  water,  humidity,  temperature,  etc. 
Such  information  is  obviously  essential  but  a 
better  balance  is  needed  with  information  to 
be  gained  from  the  amount  of  inherent  stresses 
which  actually  occur  in  the  glued  wood  in  the 
type  of  service  for  which  it  is  intended.  At 
least  that  is  the  conclusion  we  have  arrived  at 
in  the  face  of  ^he  reported  information  show- 
ing  e.g.,  greater  deterioration  of  resin  bonded 
plywood  panels  on  outdoor  exposure  than  in 
laboratory  cycle  tests  as  contrasted  to  the 
opposite  effect  on  laminated  blocks. 
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Resin  adhesives  have  gone  far  in  broadening 
the  utilization  of.  wood.  They  can  go  farther 
still  if  an  effort  is  made  to  better  understand 
the  general  conditions,  particularly  the  extent 
of  stresses,  existent  in  a  resin  bonded  joint  in 
actual  service.  This  is  a  combined  task  for  the 
chemist  and  engineer.  We  know  of  no  better 
place  to  look  for  such  coordination  of  effort  to 
improve  the  utilization  of  glued  wood  than  in 
this  Society. 
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APPENDIX 

TEST  PROCEDURES  USED  FOR  EVALU¬ 
ATION  OF  THE  RESINS 

Laboratory  Testing 

Standard  tensile  shear  tests  were  made  on 
3^  by  1  inch  specimens  while  standard  com¬ 
pression  shear  tests  were  conducted  on  lami¬ 
nates. 

"Dry  strength"  was  determined  after  condi¬ 
tioning  specimens  to  an  equilibrium  moisture 
content  of  eight  to  ten  percent. 

"Soak-dry  cycles”  referred  to  in  the  tables 
consisted  of  a  16  hour  immersion  in  water  at 
room  temperature  followed  by  an  eight  hour 
drying  period  at  140®  F.  Five  cycles  were  em¬ 
ployed. 

"Soak-dry-boil-dry”  cycles  consisted  of  a  4 
hour  boil  and  a  20-hour  dry  at  140®  F.  follow¬ 
ing  the  above  described  five  soak-dry  cycles. 

"Soak  dry  2  boil  cycles”  consisted  of  the  pre¬ 
vious  tests  followed  by  a  second  4-hour  boil — 
20-hour  dry  at  140®  F. 

All  testing  on  the  cycle  specimens  was  done 
after  conditioning  to  equilibrium  moisture  con¬ 
tent  at  75®  F.  and  55  percent  relative  humidity 
(about  10  percent  moisture  content). 

Outdoor  Exposure  Testing 

"Dry  shear”  was  done  on  standard  3^^  by 
1  in.  specimens  taken  from  10^  by  101/^  in. 
exposed  plywood  panels  or  on  2  by  1^  in. 
specimens  taken  from  12  in.  long  laminates. 

"Edge  delamination”  is  expressed  in  percent 
and  is  based  on  readings  (up  to)  one  inch  from 
the  edge  of  the  panel  along  the  entire  edges. 


The  percent  delamination  is  based  on  the  aver¬ 
age  area  delaminated  in  the  one-inch  depth 
divided  by  the  total  area  along  the  edges. 
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Discussion 

James  F.  Hamilton  -  (Perkins  Glue  Com¬ 
pany)  :  The  thorough  understanding  and  ex¬ 
perience  obtained  through  many  years  of  use 
with  one  type  of  adhesive,  let  us  say  casein 
or  vegetable  g’ue,  results  in  long  established 
techniques  and  procedures.  Such  techniques 
and  procedures  do  not  necessarily  apply  to  the 
resin  type  adhesives.  It  is  very  important, 
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therefore,  that  the  resin  glue  user  review  care¬ 
fully  the  data  prepared  by  the  adhesive  sup¬ 
plier. 

If  there  are  points  that  need  clarifying,  they 
should  be  discussed  so  that  the  glue  user  has  a 
clear  concept  of  the  conditions  of  use  as  they 
apply  to  the  veneer,  lumber,  moisture  content, 
curing  conditions,  and  other  significant  factors 
as  well  as  the  glue  formula  itself.  After  gain¬ 
ing  this  clear  concept  of  use,  the  gluing  de¬ 
partments  should  be  instructed  not  to  deviate 
from  the  procedure  or  proper  use  of  the  glue 
as  obtained. 

Mr.  Hopkins:  Mr.  Hamilton  rai^s  a  very 
important  point  in  calling  attention  to  the  fact 
that  old  test  procedures  for  nonresinous  glues 
are  not  suitable  for  pointing  up  the  merits  of 
resin  glues.  However,  the  point  to  be  made  is 
that  even  conventional  test  procedures  for 
resin  adhesives  are  inadequate  in  estimating 
performance  limitations  and  are  therefore  in 


need  of  revision.  The  important  relationship  of 
the  test  specimen  to  apparent  behavior  of  the 
adhesive,  illustrated  ia  this  paper,  is  a  factor 
whidi  has  received  little  consideration  in  devis¬ 
ing  tests  for  resin  glues. 

Glen  P.  Harris  (Monsanto  Chemical  Com- 
piiy) :  I  agree  with  Mr."  Hopkins’  comment^ 
on  the  need  for  methods  of  testing  wood  ad¬ 
hesives  which  will  supplement  those  we  now 
have.  There  has  been  confliction  of  test  data 
obtained  by  industrial  and  independent  labora¬ 
tories  in  the  field  performance  of  resin 
adhesives.  i  , 

Mr.  Hopkins:  Mr.  Harris’  practical  experi¬ 
ence  in  the  field  of  resin  adhesives  and  his 
acquaintanceship  with  the  inadequacy  of  avail¬ 
able  test  methods  in  tying  in  actual  perform¬ 
ance  typifies  a  situation  which  makes  it  ques¬ 
tionable  whether  even  the  less  durable  types 
are  being  fully  developed. 
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Development  of  Working  Stresses  for 
Stress-Grade  Lumber 
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American  Lumber  Sandatds  proride  three  principal  um  dasaifications  for  grading  lumber.  They  ate:  (1) 
Shop  and  Factory  Grades.  (2)  Yard  Grades,  and  (3)  Stress  or  Struaural  Grade*.  Shop  and  factory  gradm  are 
based  on  the  number  and  size  of  clear  cuttings;  yard  gndes,  on  appearance  and  genoal  utjUty;  and  stress  or 
structural  grades,  on  strength.  This  paper  deals  only_  with  the  stress  mdes,  because  woriting  stresses  can  be 
assigned  only  to  grades  in  which  def^s  are  limited  in  accordance  with  their  effect  on  the  strength. 


Background 

Forty  years  ago  engineers,  architects,  and 
users  were  demanding  safe  and  economical 
working  stresses  for  timbers.  To  meet  that 
demand  the  United  States  Forest  Service  began 
testing  structural  timbers,  even  before  the  For¬ 
est  Products  Laboratory  was  established.  The 
timbers  tested  were  graded  by  five  different  sets 
of  rules  ill  use  at  that  time.  The  results  of  the 
tests  indicated  that  "the  rules  were  not  effective 
in  separating  structural  timbers  according  to 
their  strength”  (1,2).  They  were  either  too  re¬ 
strictive  or  too  general  and  the  position  in  the 
timber  of  those  characteristics  that  influence  the 
strength  was  not  considered.  An  attempt  was 
therefore  made  to  formulate  a  set  of  definitions 
and  specifications  applicable  to  all  species  that 
would  more  efliciently  separate  structural  tim¬ 
bers  in  accordance  with  their  strength. 

No  attempt  was  made  to  establish  working 
stresses  for  species  or  grades.  The  values  ob¬ 
tained  from  each  individual  structural  timber 
test,  together  with  the  average,  m^imum,  and 
minimum  values  for  species  and  average  values 
from  the  small,  clear  specimens  cut  from  the 
structural  timbers  were  published  ,in  1912  ( 1, 
2).  The  engineers,  architects,  designers,  or  code 
authorities  had  to  determine  their  own  working 
stresses  from  the  publi^ed  data. 

Ten  years  later,  after  the  Forest  Service  had 
established  the  Forest  Produrts .  Laboratory  at 
Madison,  Wis.,  there  was  a  continuiiig  demand 
on  the  Labdrtktocy  to  '  recommend'  working 
stresses.  The  cbmmercial  grades  stiH  did  not 


specifically  limit  knots  and  other  characteristics 
from  the  strength  standpoint,  and  it  was  im¬ 
practical  to  assign  efficient  working  stresses  to 
such  grades.  It  was  not  practical  to  test  all  the 
commercial  grades  of  the  various  species  be¬ 
cause  of  the  expense  of  the  vast  amount  of 
testing  that  would  be  required  and  because  of 
the  continually  changing  character  of  the  mate¬ 
rial  admitted  under  grades  with  only  general 
strength  limitations.  A  set  of  basic  grading 
rules  to  which  working  stresses  could  be 
assigned  was  therefore  prepared  and  publi^ed 
(3)  by  the  Forest  Products  Laboratory  in  1923. 
These  grades  were  applicable  fo  all  species. 

The  basic  stresses  for  clear  timbers  were  de¬ 
termined  by  applying  a  reduction  factor  to 
strength  values  obtained  from  tests  of  small, 
clear,  green  specimens.  The  reduction  factor 
provided  for  the  variability  of  the  material,  the 
effect  of  long-time  loading,  and  a  factor  of 
safety.  Working  stresses  for  the  grades  were 
then  obtained  by  applying 'a  factor  to  the  basic 
stresses  to  take  care  of  the  knots  and  Other 
growth  characteristics  that  affect  the  strength. 
That  factor  was  obtained  from  an  analysis  of 
tests  of  structural  timbers.  It  varied  with  the 
grade  and  was  called  the  grade  ratio.  The  grade 
ratios  for  the  basic  grades  designated  Si,  S2, 
S3,  and  S4  were  87^^,  75,  66%,  and  50  per¬ 
cent,  respectively.  In  other  words,  the  basic 
grades  were  designed  to  limit  knots  and  other 
characteristics  so  as  to  assure  that  any  timber 
depending  on  ffie  grade  would  develop  at  least 
%,  %,  or  %'of  the  strength  of  the  basic 

clear  wood  stress. " 


501 


FOREST  PRODUCTS 


American  Lumber  Standards  in  192^  (4) 
issued  "Basic  Provisions  for  Selection  and  In¬ 
spection  of  Softwood  Dimension  and  Timber 
Where  Working  Stresses  Are  Required.”  TltOse 
provisions  used  two  of  the  basic  grades,  S2  and 
S3,  as  examples  for  use  by  lumber  manufac¬ 
turers  in  the  preparation  of  commercial  grad¬ 
ing  rules  for  structural  material. 

The  regional  lumber  associations  that  pro¬ 
duced  the  bulk  of  the  structural  lumber  pre¬ 
pared  grading  rules  conforming  to  the  prin¬ 
ciples  set  forth  in  American  Lumber  Standards 
(4).  The  lumber  associations,  however,  experi¬ 
enced  difficulty  in  evaluating  their  grades  since 
neither  of  the  publications  cited  (3,4)  showed 
how  to  describe  other  grades  or  to  determine 
appropriate  working  stresses  for  them.  The 
Forest  Products  Laboratory,  therefore,  prepared 
Miscellaneous  Publication  No.  185  "Guide  to 
the  Grading  of  Structural  Timbers  and  the 
Determination  of  -Working  Stresses”  (3)  to 
present  a  generalized  system  for  specifying  the 
features  that  aflFect  the  strength  of  timber  to¬ 
gether  with  a  procedure  for  determining  work¬ 
ing  stresses  appropriate  to  any  grade.  The  sys¬ 
tem  presented  was  based  on  the  same  principles 
of  grading  as  American  Lumber  Standards  and 
in  1939  was  made  a  part  of  those  standards  by 
reference. 

The  basic  stresses,  which  were  presented  in 
Miscellaneous  Publication  No.  295  (3)  and 
Miscellaneous  Publication  No.  185  (3),  re¬ 
mained  unchanged  over  a  period  of  20  years. 
During  that  period  they  were  adopted  by  A.  S. 
T,  M.,  A.  R.  E.  A.,  the  lumber  industry,  and 
code  authorities  throughout  die  United  States. 
The  stresses  recommended  in  them  became  the 
generally  accepted  basis  for  design  of  timber 
structures.  They  proved  to  be  safe  and  the  only 
criticism  made  of  them  was  that  they  were  con¬ 
servative. 

The  shortage  of  lumber  that  developed  in 
World  War  II  resulted  in  an  increase  in  work¬ 
ing  stresses  to  conserve  critical  material.  A  20 
nercent  increase  was  put  into  effect  by  the  War 
Production  Board  in  their  Directive  No.  29 
(6).  Directive  29  was  mandatory  but  applied 
only  to  stress-grade  lumber  used  in  buildings. 
TTie  Army,  on  theater  of  operation  structures, 
increased  stresses  as  much  as  85  percent  over 
those  commonly  used.  Upon  the  termination  of 
hostilities.  Directive  29  was  withdrawn.  The 
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withdrawal  of  Directive  29  raised  the  question 
of  the  desirability  of  continuing  the  increased 
working  stresses  it  had  prescribed. 

The  National  Lumber  Manufacturers  Asso¬ 
ciation  in  1944  issued  the  National  Design 
Specification  (6)  continuing  the  20  percent 
stress  increases  of  Directive  29.  The  stresses 
were  recommended  not  only  for  use  in  build¬ 
ings  but  also  for  all  timber  structures.  Mean¬ 
while  the  Forest  Products  Laboratory  and  the 
lumber  industry,  through  the  National  Lumber 
Manufacturers  Association,  started  a  re-exami¬ 
nation  of  working  stresses  and  stress  grades  in 
the  light  of  the  additional  data  obtained  and 
the  technical  advance  made  in  the  22  years  that 
had  lapsed  since  the  working  stresses  and  stress 
grades  were  first  established  on  a  scientific 
basis. 

Re-examinadon  of  Working  Stresses 

The  problems  of  evaluating  working  stresses 
was  attacked  from  several  angles.  A  study  was 
made  of  the  wartime  buildings  that  had  been 
designed  and  erected  by  Army  and  Navy  using 
increased  working  stresses.  All  available  data 
of  the  Forest  Products  Laboratory  was  re- 
anal)rzed,  including  the  data  used  in  establish¬ 
ing  the  first  working  stresses  as  well  as  data 
collected  in  the  22  years  since  they  were  first 
published.  Conferences  were  held  with  consult¬ 
ing  engineers,  railroad  engineers,  university 
professors  of  engineering,  and  other  engineers 
engaged  in  the  design  and  erection  of  timber 
structures  to  obtain  information  on  engineering 
practices  and  to  obtain  their  aid  in  evaluating 
factors  involving  judgment,  such  as  the  true 
factor  of  safety.  Conferences  were  held  with 
the  staff  of  the  Forest  Products  Laboratory  of 
Canada  to  coordinate  data  and.  studies  obtained 
in  both  the  United  States  and  Canada.  The 
Forest  Products  Laboratory  of  Canada  also  fur¬ 
nished  detailed  data  on  the  results  of  2,500 
tests  that  they  had  made  on  structural  timbers. 

The  study  of  wartime  wood  construction 
erected  by  the  Army,  NaVy,  and  civilian  agen¬ 
cies  was  made  to  determine  the  service  ren¬ 
dered  by  buildings  designed  on  the  basis  of 
increased  stresses.  The  buildings  erected  by  die 
Army  alone  on  this  continent  were  equivalent 
to  one  building  70  feet  wide  reaching  from 
New  York  to  San  Francisco. '  The  Army  co¬ 
operated  in  the  study  hf  fumish'ng  inspection 
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reports  on  the  condition  of  that  enormous 
amount  of  wood  buildings. 

Analysis  of  the  Army  reports,  tocher  with 
the  inspections  made  of  Navy  and  civilian 
buildings  indicates  that  information  obtained 
from  the  failure  of  structural  members  of 
buildings  in  service  is  not  specific  enough  to 
serve  as  a  basis  for  woricing  stress  recommenda¬ 
tions.  The  analysis  did  show  that  the  principal 
causes  of  failures  were  the  use  of  green  lumber 
without  appropriate  design  details,  lumber  of 
lower  quality  than  the  designer  anticipated, 
poor  fabrication,  and  poor  design.  There  was 
no  evidence  in  any  of  the  reports  or  inspections 
of  hundreds  of  buildings  to  show  that  any 
timber  of  structural  grade  did  not  or  could  not 
safely  sustain  the  recommended  working 
stresses.  A  considerable  number  of  the  Army 
and  Navy  wood  buildings  had  clear  spans  in 
excess  of  100  feet  and  some  well  in  excess  of 
200  feet.  When  various  factors  are  considered, 
the  working  stresses  for  the  lumber  in  many 
war  buildings  exceeded  times  those  recom¬ 
mended  for  prewar  construction.  Nevertheless, 
up  to  June  1948  there  were  only  four  cases 
where  a  truss  or  larger  portion  of  a  structure 
collapsed  in  Army  buildings,  all  four  of  which 
can  be  attributed  to  faulty  design  or  construc¬ 
tion  practice  rather  than  to  the  design  stresses 
for  the  grade  of  lumber  used. 

The  reanalysis  of  the  data  of  the  Forest 
Products  Laboratory  and  the  analysis  of  the 
data  furnished  by  die  Forest  Products  Labora¬ 
tory  of  Canada  were  made  to  check  the  items 
in  the  reduction  factor  used  in  obtaining  the 
basic  stresses  from  values  obtained  from  tests 
of  small,  clear  specimens.  The  reanalysis  of 
data  from  small,  clear  specimens  and  the  anal¬ 
ysis  of  data  on  structural  timbers  chedced  the 
factor  originally  used  for  variability.  The 
study  of  a  large  amount  of  dsUa  on  the  effect 
of  duration  of  load  obtained  since  the  working 
stresses  were  originally  established  indicated 
that  the  ^  factor  for  long  continued  loading, 
used  originally  in  obtaining  basic  stresses,  was 
about  correct.  It  appeared,  however,  that  when 
the  maximum  design  load  would  not  be  on 
timber  continuously  higher  stresses  than  those 
recommended  could  be-  used.  Provision  was 
therefore  made  for  increasing  the  allowable 
stresses  when  the  period  during  which  the 
actual  loading  on  the  etement  produces  the 


stress  induced  by  full  maximum  design  load  is 
3  years  or  less. 

A  further  factor  of  3/5  was  used  to  take 
care  of  a  number  of  other  items.  Among  them 
were  flight  errors  in  design,  design  tolerance, 
off-grade,  undersize,  and  overloading.  An 
attempt  was  made  to  evaluate  these.  They,  how¬ 
ever,  vary  widely  and  the  amount  necessary  to 
provide  for  them  is  a  matter  of  engineering 
judgment.  A  consensus  of  opinion  of  engineers 
was  obtained  by  conferences,  interviews,  corre¬ 
spondence,  and  questionnaires.  TTiat  study  re¬ 
emphasized  that  working  stresses  for  wood, 
like  those  for  other  materials,  involve  engineer¬ 
ing  judgment  and  hence  cannot  be  arrived  at 
by  any  mathematical  analysis  alone. 

The  average  value  from  laboratory  tests  mul¬ 
tiplied  by  %  for  variability,  ^  for  duration  of 
load,  and  3/5  for  other  items  gives  a  basic 
stress  about  ^  of  the  laboratory  test  average. 
This  factor  of' 4  between  test  result  and  basic 
stress  is  sometimes  erroneously  called  the  factor 
of  safety.  It  should  be  clearly  understood  that 
loading  to  4  times  the  design  load  is  not  a  safe 
procedure,  since  much  of  the  factor  of  4  is  re¬ 
quired  to  convert  from  the  conditions  of  test  to 
the  conditions  of  service. 

Present  Recommendations 

In  making  the  revised  recommendation  for 
working  stresses,  the  following  basic  principles 
were  assumed:  :< 

a.  G)mpetent  design 

b.  Good  fabrication 

c.  Reliable  grading 

d.  Adequate  supervision 

e.  Adequate  consideration  for  variability 

f.  Long-time  service  at  maximum  design 
load 

g.  Adjustment  of  stresses  for  other  durations 
of  loading 

h.  A  reasonable  factor  of  safety 

The  revised  recommendation  for  ,  basic 
stresses  provided  for  a  10  perceilt  increase  in 
basic  stresses  for  bending  and  horizontal  shear, 
for  increases  in  all  properties  except  modulus 
of  elasticity  when  the,  total  cumulative  time  the 
load  will  1^  on  structures  is  less  than  30  years, 
and  for  adjustments  of  working  stresses  fdr 
conunercial  grades  for  drying,  density,  and 
close  grain. 
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As  soon  as  the  findings  from  the  Forest 
Products  Laboratory  re-evaluation  of  basic 
stresses  became  available  last  June,  the  Tech¬ 
nical  Advisory  Committee  of  the  National 
Lumber  Manufactureis  Association  and  other 
timber  engineers  met  with  the  staff  of  the  For¬ 
est  Products  Laboratory  to  revise  the  National 
Design  Specification  (6)  to  bring  it  into  con¬ 
formance  with  the  latest  available  technical 
findings.  Also,  commercial  stress-grading  rules 
were  revised  to  reflect  these  data. 

Initially,  these  design  recommendations  were 
developed  under  the  sponsorship  of  the  War 
Production  Board  with  the  cooperation  of  the 
Forest  Products  Laboratory,  the  National  Lum¬ 
ber  Manufacturers  Association,  government  de¬ 
sign  agencies,  and  many  other  qualified  groups 
and  individuals.  They  were  issued  as  manda¬ 
tory  specifications  by  the  War  Production  Board 
in  August  1943.  After  some  revision  to  incor¬ 
porate  additional  findings  and  to  adapt  the 
wartime  specification  to  peacetime  application, 
the  National  Lumber  Manufacturers  Associa¬ 
tion  approved  in  December  1944  and  pub¬ 
lished  in  June  1945  "National  Design  Specifi¬ 
cation  for  Stress-Grade  Lumber  and  Its  Fasten¬ 
ings"  to  become  effective  upon  revocation  of 
War  Production  Board  Directive  No.  29.  In 
whole,  or  in  part,  the  recommendations  therein 
are  incorporated  by  reference  or  otherwise  in 
the  current  editions  or  new  drafts  of  all  the 
major  standard  uniform  building  codes,  several 
recent  standards  of  the  American  Standards 
Association,  practically  all  city  building  codes 
recently  adopted,  and  in  drafts  of  most  of  the 
codes  under  consideration  by  city  authorities. 
In  many  other  cases  where  not  actually  in¬ 
cluded  in  the  code,  it  is  being  used  as  a  refer¬ 
ence  by  city  building  oflicials.  Likewise,  major 
government  design  agencies  have  adopted  the 
recommendations  and  the  specification  is  used 
as  student  text  or  reference  by  most  of  the 
major  engineering  schools  of  the  country. 

One  of  the  important  recent  improvements 
in  timber  design  practices  has  resulted  from 
more  accurate  information  obtained  by  the  For¬ 
est  Products  Laboratory  on  the  effect  of  dura- 
tibn  of  loading  on  strength  of  wood.  The  find- 
ings<  are  >  reported  in  "Recommendations  for 
Basic  Stress^’  (8).  The  information  permits 
designers  to  use  with  greater  confidence  and 
efficiency  the  remarkable  property  that  wood 


has  of  being  able  to  support  much  greater  loads 
for  short  durations  than  for  long  durations. 
The  type  of  maximum  loads  on  most  structures 
are  of  the  shorter  durations  rather  than  full 
maximum  loads  for  the  life  of  the  structure. 
In  the  National  Design  Specification,  which 
recognizes  this  situation,  the  stress  values 
therein  are  presented  to  fit  the  bulk  of  design 
conditions  with  recommended  adjustments  of 
design  stresses  for  permanent  application  of 
maximum  load  and  other  conditions  of  loading. 
However,  the  basic  stresses  developed  by  the 
Forest  Products  Laboratory,  which  have  many 
applications  other  than  to  stress-graded  lumber 
and  structural  design,  are  presented  on  the 
basis  of  maximum  loading  permanently  applied 
with  adjustments  for  other  conditions  of  load¬ 
ing.  Both  publications  are  fundamentally  in 
accord,  but  there  are  some  differences  in  pre¬ 
sentation  of  which  this  is  one. 

Progress  in  Timber  Construction 

In  summary,  great  technical  advances  in 
timber  engineering  have  been  and  are  being 
made  in  the  structural  field.  This  leads  to  more 
economical  and  adequate  wood  structures.  One 
fabricator  estimated  that  application  of  recent 
improved  design  recommendations  resulted  in 
a  cost  saving  in  the  structural  framework  of 
about  15  percent.  Wood  continues  to  be  recog¬ 
nized  as  a  major  engineering  material  and  it  is 
taking  many  construction  jobs  away  from  com¬ 
peting  materials. 

As  in  all  fields,  there  are  many  investigations 
in  the  lumber  construction  field  that  should  be 
made  to  permit  further  progress.  With  in¬ 
creased  application  of  increasing  technical 
knowledge,  more  economical  and  satisfactory 
wood  structures  result. 
thirds  of  the  lumber  produced  in  this  country 
goes  into  construction  in  one  form  or  another. 
Intelligent  research  in  this  field  pays  large 
dividends. 
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Discussion 

Robert  A.  Cockrell  (University  of  Califor¬ 
nia)  :  In  connection  with  the  use  of  structural 
grades  of  timber,  particularly  in  light  frame 
construction,  isn’t  it  possible  to  make  further 
savings  of  material  by  having  the  man  on  the 
job  better  educated  in  the  proper  placement  of 
knots  and  other  grain  irregularities  to  get  maxi¬ 
mum  structural  efiiciency?  Certainly  there  is 
always  the  lower  limit  of  the  grade  to  contend 
with  in  use  and  that  certainly  requires  judg¬ 
ment.  If  wood  workers  generally  had  an  ap¬ 
preciation  of  the  behavior  of  wood  in  struc¬ 
tures,  it  might  even  be  possible  to  lower  the 
limits  for  the  grades  and  thereby  get  a  more 
complete  utilization  of  wood. 

Mr.  Hanrahan:  Professor  Cockrell’s  sugges¬ 
tion,  that  if  construction  men  would  place  the 
knots  and  other  irregularities  so  as  to  get  maxi¬ 
mum  structural  efficiency,  a  saving  in  material 
could  be  made,  is  correct  theoretically.  How¬ 
ever,  structural  designers  cannot  assume  that 
this  will  be  done  in  every  case  on  the  job. 
Consequently,  the  practical  approach  is  to 
limit  in  stress-grading  rules  the  size  and  loca¬ 
tion  of  such  characteristics  to  insure  a  given 
minimum  strength  for  each  piece  of  lumber. 

It  should  be  pointed  out  that  for  such  build¬ 
ings  as  houses  ordinarily  stress-graded  lumber 


is  not  needed,  i.e.,  yard  grades  of  lumber  are 
quite  satisfactory.  Where  the  frame  is  com¬ 
posed  of  so  many  closely  spaced  members,  with 
covering  on  one  or  both  sides,  such  as  in 
wooden  houses,  the  overstressing  of  a  weak 
framing  member  does  not  result  in  a'  serious 
failure.  Ordinarily,  the  load  will  be  redistrib¬ 
uted  to  stronger  adjacent  framing  meilTbers. 
Even  complete  rupture  of  a  single  framing 
member  does  not  result  in  collapse  of  the 
structure. 

However,  in  large  framed  structures,  where 
framing  members  are  spaced  many  feet  apart 
and  carry  very  large  loads  without  assistance 
from  other  members,  rupture  of  a  single  piece 
is  likely  to  cause  collapse  of  at  least  a  portion 
of  the  structure.  Stress-grades  are  intended  and 
designed  primarily  for  such  applications  where 
each  member  must  carry  substantial  loads  with¬ 
out  assistance.  Consequently,  these  grades  are 
made  as  foolproof  as  possible.  No  scientific 
knowledge  of  structural  engineering  and  wood 
technology  is  assumed  to  be  applied  by  the 
workman. 

Serious  obstacles  stand  in  the  way  of  training 
or  supervising  workmen  to  the  extent  of  getting 
such  required  knowledge  across  to  them  and 
having  them  apply  it  religiously.  Both  the 
wood  technology  and  engineering  conceptions 
required  are  complex.  They  are  not  easily  un¬ 
derstood  and  applied  by  workmen.  Further,  the 
solution  to  the  problem  of  actually  getting 
workmen  interested  to  the  extent  necessary  to 
acquire  the  needed  knowledge,  and  unerringly 
apply  it  in  their  daily  work,  is  an  almost  im¬ 
possible  educational  endeavor.  The  designer 
must  be  assured  that  each  and  every  workman 
would  do  it,  not  just  an  occasional  workman. 
Also,  contractors  are  interested  in  rapidity  of 
construction  to  keep  their  labor  costs  down. 
It  is  questionable  whether  the  contractor  would 
save  enough  in  the  cost  of  materials  to  offset 
the  additional  labor  costs  of  applying  such 
data.  His  biggest  hope  of  making  a  profit  is  to 
reduce  his  labor  operations  to  the  simplest  and 
most  routine  operations  to  get  maximum  pro¬ 
duction. 

By  the  above,  I  do  not  mean  that  wc  should 
not  attempt  to  train  people  toward  better  utili¬ 
zation  of  lumber.  Many  of  the  old-time  car¬ 
penters  who  took  real  pride  in  their  work  had 
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an  amazing  knowledge  of  what  wood  would 
and  would  not  do.  Such  training  and  educa¬ 
tion  as  may  be  practical  would  be  quite  helpful 
in  overcoming  the  most  obvious  serious  misuse 
of  wood.  Possibly  the  best  means  of  getting 
such  information  across  to  the  workmen  would 
be  through  labor  unions  and  apprentice  tij^in- 
ing  programs. 

The  lumber  industry  has  made  some  train¬ 
ing  efforts  in  connection  with  the  Retail  Lum¬ 
ber  Dealers’  training  courses,  sponsored  by  the 
National  Retail  Lumber  Dealers  Association 
and  State  organizations  of  retail  dealers,  at 
various  universities,  and  in  connection  with 
regular  courses  of  instruction  conducted  by  the 
universities.  Also,  publications  recommending 
certain  grades  for  each  of  various  construction 
items  have  been  published.  However,  to  my 
knowledge,  no  attempt  has  been  made  to  train 
all  carpenters  and  other  workmen  in  detailed 
grading  of  lumber  on  the  job  and  in  the  engi¬ 
neering  principles  necessary  to  take  advantage 
of  the  strength  of  individual  pieces  in  an 
engineering  design’. 

Frankly,  I  personally  do  not  believe  that  it 
would  be  practical  to  depend  on  workmen  on 
construction  jobs  to  place  knots  and  other 
irregularities  so  as  to  get  maximum  structural 
efficiency  in  a  structure  where  stress-grades  are 
needed.  However,  in  fabricating  plants,  closely 
supervised  by  technical  men,  sorting  of  pieces 
within  a  grade  before  fabrication  may  prove  a 
practical  operation  if  a  cost  saving  in  the  par¬ 
ticular  fabricated  article  can  be  demonstrated. 

Air.  Johnson:  Stress-grade  lumber  is  seldom 
used  in  light  construction.  Professor  Cockrell 
is  therefore  probably  referring  to  the  dimension 
grades  of  yard  lumber.  Dimension  lumber  is 


not  graded  in  accordance  with  the  principles  of 
strength  grading.  The  strength  of  dimension 
therefore  varies  widely.  There  is  an  opportu¬ 
nity  for  improved  utilization  in  the  selection 
and  placement  of  yard  lumber.  The  most  prac¬ 
tical  way  to  improve  selection  is  by  grading 
dimension  for  strength.  The  Southern  Pine  As¬ 
sociation  and  the  West  Coast  Lumbermen’s  As¬ 
sociation  have,  in  their  latest  rule  books,  applied 
the  principle  of  strength  grading  to  No.  1  and 
No.  2  dimension. 

The  dimension  grades  have  been  used  many 
years  in  construction  despite  the  wide  variations 
in  the  strength  of  lumber  in  them.  The  lack  of 
interest  in  selection  from,  or  strength  grading 
of,  dimension  is  due  to  the  large  proportion  of 
dimension  that  is  used  where  stiffness  rather 
than  strength  controls.  Defects  have  little 
effect  on  stiffness  and  selection  for  stiffness  on 
the  basis  of  the  defects  present  is  therefore  not 
practical. 

Selection  could  be  used  to  advantage  even  in 
stress  grade  lumber,  A  knot  on  the  compres¬ 
sion  face  is  only  half  as  injurious  as  a  similar 
knot, on  the  tension  face.  A  system  of  selection 
that  would  insure  the  worst  knots  being  placed 
on  the  compression  face  would  permit  increases 
in  stress  from  10  to  15  percent.  No  satisfac¬ 
tory  system  to  insure  such  placement  has  as  yet 
been  devised. 

Consideration  was  given  to  marking  stress 
grade  lumber  for  placement.  Observation  of 
containers  marked  "This  side  up”  resulted  in 
that  idea  being  abandoned.  In  too  many  in¬ 
stances  the  individual  handling  a  package 
marked  "This  side  up”  either  did  not  read  it, 
could  not  read  it,  or  paid  no  attention  to  it. 
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Some  Problems  in  the  Design  and  Performance 
of  Laminated  Wood  Trusses 

D.  E.  Kennedy 

Forest  Products  Laboratory,  Ottawa,  Canada 


This  paper  is  a  description  of  the  design,  construction,  and  perfomunce  under  proof  loading  of  a  glued, 
laminated  wooden  arch  of  47'foot  span.  The  arch  was  designed  tor  use  in  a  wing  ot  a  proposed  new  testing 
laboratory  and  was  constructed  of  white  spruce  glued  with  casein  glue.  It  was  then  suhjeaed  to  a  continuous 
proof-loading  test  that  continued  for  more  than  a  year,  during  which  time  periodic  readings  of  deflection  were 
taken.  The  effect  of  temperature  on  the  long-term  strength  of  laminated  arches  it  discuss^. 


Introduction 

URING  the  past  10  or  15  years  there 
has  been,  in  North  America,  a  steadily 
growing  ^  interest  in ,  glued,  laminated, 
wooden  construction.  This  has  been  due,  in 
part,  to  the  extensive  use  of  this  type  of  con¬ 
struction  in  .Europe,  where  glued,-  laminated 
beams  and  arches  have  been  employed  for  about 
30  years.  It  was  greatly  accelerated  during 
World  War  II,  when  the  United  States  and 
Canada  were  short  of  steel  for  building  con¬ 
struction  and  it  was  necessary  to  find  new 
methods  of  utilizing  timber  in  construction. 

A  considerable  number  of  buildings  erected 
during  the  war  employed  such  types  of  con¬ 
struction  as  glued,  laminated  beams,  arches,  and 
bow-string  trass  chords.  Most  of  this  work  was 
done  with  a  limited  amount  of  information  re¬ 
garding  the  best  methods  of  design,  and  with 
little  experience  on  the  part  of  the  designing 
engineers.  It  was  known  that  a  properly  made 
glue  joint  may  be  stronger  than  the  wood  itself, 
but  most  of  the  other  factors  involved  were  not 
familiar  to  the  structural  designer,  who  sud¬ 
denly  found  himself  faced  with  the  problem 
of  designing  a  structure  involving  a  novel  use 
of  wood  and  a  novel  method  of  fastening  it 
together. 

The  practicability  of  this  type  of  construction 
is  clearly  indicated  by  the  success  with  which 
these  many  buildings  have  performed  the  serv¬ 
ices  for  which  they  were  intended.  Although 
the  stimulus  of  a  steel  shortage  is  not  so  acute 
as  during  the  war  period,  laminated  wood  con¬ 
struction  has  won  a  place  in'  the  construction 
field  on  its  own  merits,  particularly  in  thosfl 
buildings  or  structures  vdiere  special  consid¬ 
erations  such  as  size,  span,  or  appearance  are 


determining  factors.  It  now  remains  to  demon¬ 
strate  to  the  architectural  and  engineering  pro¬ 
fessions,  and  to  the  construction  industry  as  a 
whole,  what  can  be  done  in  the  way  of  glued, 
laminated,  wooden  construction  and  how  it  can 
best  be  accomplished. 

Purpose  of  the  Investigation 

The  Forest  Products  Laboratories  of  Canada 
have  been  actively  interested  in  the  technical 
aspects  of  glued,  laminated  wooden  construc¬ 
tion  for  a  number  of  years.  A  considerable 
amount  of  basic  research  has  been  carried  on 
to  determine  the  strength,  durability,  and 
moisture  resistance  of  various  types  of  glue 
when  used  with  woods  of  various  species.  In 
addition,  some  work  has  dealt  particularly  with 
the  use  of  glue  in  laminated  beams  and  arches. 

This  latter  work  has  included  an  investiga¬ 
tion  into  the  strength  properties  of  full-sized 
laminated  beams,  glued  with  two  basic  types  of 
glue  and  assembled  under  both  nail  pressure 
and  clamping  pressure.  A  long-term  experi¬ 
ment  has  also  been  undertaken  which  will  yield, 
over  a  period  of  10  years,  valuable  data  con¬ 
cerning  the  durability  of  laminated  beams  when 
glued  with  three  basic  types  of  glue  and  then, 
exposed  to  the  weather  continuously  for  vary¬ 
ing  periods  of  time. 

The  construction  and  testing  of  a  large  struc¬ 
tural  arch  were  considered  to  be  important 
phases  of  the  general  investigation  into  the 
strength  properties  of  glued,  laminated  con¬ 
struction.  The  arch  selected  for  the  test  was 
designed  by  the  author  to  suit  the  requirements 
of  a  particular  type  of  building.  The  type  is 
one  which  would  be  suitable  for  auditoriums, 
drill  halls,  recreation  rooms,  testing  and  re- 
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search  laboratories,  or  any  other  use  calling  for 
large  rooms  with  unobstructed  floor  space. 

Method  of  Design 

In  designing  the  laminated  arch,  the  require¬ 
ments  of  the  National  Building  Code^  were 
adhered  to  in  assuming  probable  roof  loads. 
The  working  stresses  in  shear  and  flexure  were 
chosen  on  the  strength  of  data^  assembled  by 
the  Laboratories,  pertaining  to  the  strength 
properties  of  white  spruce  of  the  grade  to  be 
employed. 

The  arch  (Fig.  1)  was  designed  to  fit  in¬ 
side  a  building  with  an  inside  width  of  47  feet 
6  inches,  a  height,  to  underside  of  roof  at  the 
peak,  of  21  feet  6  inches,  and  a  wall  height, 
to  the  undersick  of  the  roof,  of  14  feet  ;3 
inches.  The  spacing  of  the  arches  along  tbe 
length  of  the  building  was  11  feet  on  centers. 

The  dead  load  of  the  roof  was  about  14 
p.s.f.  The  assumed  weight  of  the  snow  was  40 
p.s.f.  of  the  horizontally  projected  area.  The 
arch  was  designed  to  support  this  total  load 
with  what  was  considered  to  be  an  ample  mar¬ 
gin  of  safety,  allowing  for  the  fact  that  the 
weight  of  the  arch  itself  was  not  taken  into 
consideration. 

The  shape  and  size  of  the  arch  was  gov¬ 
erned  by  certain  practical  considerations  in 
addition  to  the  loads  which  had  to  be  sup¬ 
ported.  It  was  planned  to  use  lumber  with  a 
nominal  rough  thickness  of  1  inch  and  a 
dressed  thickness  of  ^  inch  or  less.  Since  the 
degree  of  curvature  that  can  be  applied  to  a 
board  is  dependent  upon  the  thickness,  the 
minimum  radius  of  curvature  in  the  arch  was 
adopted  on  the  basis  of  a  ^-inch  lamination. 

In  a  Tudor  arch,  it  is  desirable  to  k'e^p  the 
radius  of  curvature  of  the  haunch  to  a  mini¬ 
mum  in  order  to  conserve  space.  The'  radius 
that  was  finally  adopted  was  87.5  inches,  which 
is  exactly  100  times  the  thickness  of  the  assumed 
^-inch  lamination.  The  initial  stresses  set  up 
in  the  first  lamination  to  be  bent  around  the 
form  were  quite  high,  as  can  be  shown  by  a 
theoretical  consideration  of  the  factors  in¬ 
volved. 

The  average  modulus  of  elasticity  of  .ckar, 
air-dry,  Canadian  white  spruce  is,  1,3^,000 
-  I 
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p.s.i.  Therefore,  a  board  %-inch  thick,  bent 
around  a  form  87.5  inches  in  radius,  will  de¬ 
velop  a  computed  stress  of  6,900  p.s.i.  A  con¬ 
sideration  of  the  strength  values  obtained  from 
bending  tests  on  clear  air-dry  spruce  will  show 
that  this  stress  is  far  in  excess  of  the  average 
fiber  stress  at  proportional  limit  of  5,200  p.s.i. 
and  is,  therefore,  unobtainable  by  the  degree  of 
bending  applied.  When  the  proportional  limit 
of  the  material  has  been  passed,  the  modulus  of 
elasticity  begins  to  fall  off;  it  must  be  assumed, 
therefore,  that  the  stress  induced  in  the  first 
lamination  by  its  initial  bending  must  have 
been  in  excess  of  5,200  p.s.i.  but  less  than 
6,900  p.s.i.  It  is  also  interesting  to  note  that 
the  average  modulus  of  rupture  of  clear  air- 
dry  Canadian  white  spruce  is  8,700  p.s.i.,  a 
figure  which  is  not  comfortably  above  the  the¬ 
oretical  figure  of  6,900  p.s.i. 

The  haunch,  or  curved  portion  of  the  arch 
adjacent  to  the  eaves,  was  of  uniform  cross- 
section.  The  depth  of  the  arch  varied  from  a 
maximum  at  the  haunch  to  a  minimum  at  the 
crown  and  support  hinges  and  was  governed 
by  the  requirements  of  bending  and  longi¬ 
tudinal  shear  at  any  section. 

The  width  of  the  arch  rib  was  11  inches 
throughout.  Eleven  inches  was  chosen  because 
it  provided  a  depth-width  ratio  at  the  haunch 
of  about  2  to  1,  a  figure  that  combines  both 
efficiency  and  torsional  rigidity  and  because  it 
allowed  of  shallow  depths  at  the  crown  and 
support  points,  thereby  providing  a  satisfac¬ 
tory  "hinge-effect”.  The  11-inch  width  of  the 
arch  rib  was  obtained  by  using  3^-,  5^-,  and 
7^-inch  boards,  in  an  overlapping  pattern  in 
each  succeeding  layer  in  the  arch. 

The  final  design  called  for  an  arch  rib  11 
inches  wide,  25%  inches  deep  at  the  haunch, 
and  10%  inches  deep  at  the  crown  and  sup¬ 
port  points.  These  dimensions  gave' calculated 
stresses  of  about  700  p.s.i.  in  bending  at  the 
haunch  and  about  100  p.s.i.  in  ^lear  lat-  the 
supports  under  full  dead  and  assunied  snow 
load,  but  neglecting  the  weight  of  the  arch 
itself. 

I  Construction 

rrThe  arch  was  constructed  by  the  staff- of  the 
Laboratory.  The  lumber  used  was  commercial 
white  spruce  of  select  merchantable  and  mer* 
cbantable  grades.  The  glue  was  a  good  com- 
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mercial  grade  of  casein.  The  means  of  apply¬ 
ing  gluing  pressure  consisted  mainly  of  2-inch 
nails. 

White  spruce  was  chosen  because  it  was  be¬ 
lieved  to  be  particularly  suitable  for  this  type 
of  construction  in  moderate  spans  and  also  be¬ 
cause  laminated  arches  of  certain  other  species 
had  been  constructed  and  used  in  quite  appre¬ 
ciable  ruunbers. 

Casein  glue  was  selected  because  of  its 
known  durability  under  dry  conditions  such' as 
would  obtain  in  a  heated  building,  its  ease  of 
mixing  and  because  it  can  be  used  on  wood 
with  a  fairly  wide  range  of  moisture  content. 

The  gluing  pressure  was  provided  by  nails 
in  order  to  demonstrate  the  ultimate  in  sim¬ 
plicity  of  construction.  Few  woodworking 
shops  would  be  without  sufficient  equipment 
to  build  a  laminated  arch  by  this  method. 
Clamping  pressure  has  arlways  been  considered 
better  than  nailing  pressure  because  it  provides 
greater  unit  gluing  pressure,  resulting  in  thin¬ 
ner  glue  lines.  It  was  intended  to  demonstrate, 
however,  that  sufficient  glue-line  strength  can 
be" achieved  by  nailing,  and  that  clamping  pres¬ 
sure,  though  admittedly  the  better  method,  was 
not  necessary  in  this  instance. 

The  lumber  was  purchased  in  random  lengths 
of  12,  14,  16,  and  18  feet;  the  few  18-foot 
lengths  were  reserved  for  the  outside  tension 
face  of  the  arch.  The  greater  part  of  the  mate¬ 
rial  was  of  poor  or  medium  quality.  The  best 
grades  were  reserved  for  the  highly  stressed 
regions  in  the  outer  sixth  of  the  arch  and  for 
the  curved  portion  of  the  haunch.  The  lower 
grades  were  used  in  the  interior  portions  where 
the  stresses  in  tension  and  compression  were 
quite  low. 

Before  a  lamination  was  installed  in  the 
arch,  the  lumber  was  end-glued  to  make  up 
length  equal  to  the  perimeter  of  one-half  of 
the  arch.  These  end  joints  were  effected  by  the 
use  of  1  in  12  plain-tapered  scarfs,  which  were 
glued  together,  several  laminations  at  a  time, 
in  a  screw  press. 

As  pointed  out  in  the  theoretical  considera¬ 
tions  of  the  initial  stresses  developed  in  the 
laminations  during  bending  to  the  curvature  of 
the  arch,  the  computed  stresses  were  in  excess 
of  the  average  elastic  limit  of  clear  white  spruce 
and  were  not  far  below  the  average  modulus  of 
rupture  of  clear  specimens  of  this  species. 


Allowing  about  25  per  cent  for  the  natural 
variability  of  the  species  and  taking  into  con¬ 
sideration  the  fact  that  the  material  used  was 
not  absolutely  clear  or  straight-grained,  it  is 
evident  that  some  difficulty  might  be  experi¬ 
enced  in  bending  the  laminations  around  the 
form.  Attempts  at  bending  the  wood  in  the 
cold  state  were  generally  unsuccessful,  and  it 
was  found  that  only  the  relatively  clear  and 
straight-grained  material  would  bend  without 

,  breaking. 

-  t  It- was  necessary,  therefore,  to  subject  each 
lamination  to  a  steaming  treatment  before  it 
was  bent  over  the  form.  Several  laminations 
were  placed  in  a  narrow  box  about  8  feet  long 
with  slots  in  the  ends  and  a  closely  fitting 
cover.  Live  steam  was  piped  into  this  box  for 
a  period  of  1  to  2  hours,  after  which  the 
laminae  were  removed  from  the  box  and  imme¬ 
diately  bent  over  the  form.  Care  was  taken  to 
insure  that  the  casein-glued  scarfed  joints  were 
outside  and  some  distance  from  the  box,  where 
they  would  be  unaffected  by  the  steaming. 

The  form  was  constructed  to  the  contours  of 
the  inside  face  of  the  half-arch.  It  was  erected 
on  the  floor  of  a  shed  and  was  carefully  aligned 
and  rigidly  braced.  As  the  laminations  were 
added  to  the  arch,  glue  was  spread  on  both 
gluing  faces  and  on  the  abutting  interior  edges 
by  means  of  brushes.  The  boards  were  then 
placed  quickly  on  the  form  and  nailed  firmly 
to  the  preceding  laminations. 

Two  rows  of  2-inch  common  bright  steel 
wire  nails  were  used  in  each  board,  or  four 
rows  in  the  width  of  the  arch  rib.  The  nails 
were  spaced  at  intervals  of  about  6  inches  along 
each  row,  and  the  rows  themselves  were  spaced 
about  1  inch  from  the  edge  of  each  board. 

The  first  (inner)  seven  laminations  were 
full-length,  running  from  footing  to  crown 
hinge.  Starting  with  the  eighth  lamination, 
however,  each  successive  piece  was  made 
slightly  shorter  than  the  previous  one,  until  20 
such  pieces  had  been  applied,  the  last  being  of 
such  a  length  that  it  completely  traversed  the 
haunch  of  the  arch,  running  out  at  the  tangent 
points.  This  procedure  was  adopted  because 
the  design,  for  structural  reasons,  called  for  a 
considerably  greater  depth  at  the  haunch  than 
at  the  footing  or  the  crown  hinge.  The  stepped 
surface  was  then  planed  down  to  two  straight 
surfaces  tangent  to  the  curve  of  the  arch,  and 
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construction  was  completed  by  applying  to  the 
outer  face  eight  full-length  laminations  from 
footing  to  crown  hinge.  When  the  glue  had 
set,  the  arch  was  planed  and  sanded  to  a 
smooth  finish,  the  ends  were  trimmed  off  to  the 
proper  angle,  and  the  entire  structure  was 
given  a  coat  of  lead  paint  to  protect  it  from 
rain  during  erection. . 

Crown  Hinge 

Although  the  arch  was  three-hinged  in  de¬ 
sign,  no  provision  was  made  to  install  friction¬ 
less  pins  at  the  three  hinges.  The  arch  was 
intended  tabe  carried  on  flat  footings  and  the 
loweit  end  of  each  section  was  therefore  cut  off 
square;  the  top  ends  were  cut  off  at  an  angle 
such  that  the  arch  would  abut  at  the  crown 
along  a  vertical  plane. 

The  halves  of  the  arch  were  joined  at  the 
crown  hinge-  by  a  simple  sleeve  welded  from 
^-inch  steel  plate.  This  was  made  to  fit  tightly 
at  the  sides,  but  loosely  at  top  and  bottom,  to 
allow  for  deflection  under  test  loading. 

Erection 

The  arch  was  erected  outdoors,  as  there  was 
insufficient  head  room  in  any  of  the  buildings 


of  the  Laboratory.  It  was  erected  under  four 
timber  bents,  each  bent  consisting  of  a  pair  of 
6-inch  square  verticals  capped  with  6-  by  10- 
inch  timbers.  The  bents  were  rigidly  X-braced 
to  prevent  the  arch  from  deviating  from  the 
vertical  plane  during  testing. 

The  arch  was  supported  on  spread  footings, 
which  rested  on  a  foundation  of  clay  covered  by 
about  3  feet  of  fill.  The  footings  consisted  of 
four  railway  ties,  each  8  feet  long,  9  inches 
wide,  and  7  inches  thick,  bridged  by  two  7-  by 
9- inch  timbers  on  edge. 

The  horizontal  thrust  of  the  arch  at  the  sup¬ 
ports  was  taken  by  two  %-inch  round  steel 
rods  fastened  by  nuts  and  washers  to  a  pair 
of  3-inch  steel  channels  at  each  end. 

Testing 

The  load  wm  applied  by  the  use  of  eight  . 
large  wooden  boxes  (Fig.  2),  each  capable  of 
holding  64  cubic  feet  of  sand.  The  boxes  were 
supported  from  the  top  surface  of  the  arch  by 
means  of  half-inch  steel  rods  uniformly  spaced 
along  the  span  of  the  arch.  In  order  to  pre¬ 
vent  a  serious  accident  to  the  workmen  loading 
the  arch,  two  rows  of  timbers  were  placed  ion 


Fig.  2. — 47-foot  laminated  arch  undergoing  test. 
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the  ground  beneath  the  boxes,  with  a  scaht 
two-inch  clearance  between  the  boxes  and  the 
timbers.  If  a  sudden  failure  had  occurred  dur¬ 
ing  loading,  the  arch  would  have  been  com¬ 
pletely  relieved  of  load  after  a  deflection  of  2 
inches.  As  normal  deflection  progressed  during 
loading,  the  safety  timbers  were  adjusted  to 
maintain  adequate  clearance  beneath  the  boxes. 

At  regular  intervals  during  the  loading  oper¬ 
ation,  deflection  readings  were  taken  at  three 
places  on  the  arch — at  the  crown  hinge  and  at 
points  about  10  feet  on  either  side  of  the 
crown  hinge.  Readings  were  also  taken  of  the 
settlement  of  the  footings  in  relation  to  an 
established  level. 

The  calculated  dead  load  of  the  roof  was 
slightly  under  7,400  pounds.  The  loading  ap¬ 
paratus  itself  weighed  nearly  3,800  pounds.  It 
was  necessary,  therefore,  to  add  450  pounds  of 
sand  to  each  box  to  obtain  a  condition  equal 
to  dead  loading  only.  The  sand  was  added  to 
each  box  in  increments  of  100  pounds  and  de¬ 
flection  readings  were  taken  after  each  incre¬ 
ment  had  been  added. 

After  the  dead  load  had  been  applied,  the 
"snow  load"  was  applied  to  one-half  of  the 
arch  only.  The  load  was  applied  to  the  north 
half  of  the  arch  in  increments  of  200  pounds 
per  box  until  the  four  boxes  each  contained 
3,000  pounds  of  sand.  As  would  be  expected, 
the  north  quarter-point  deflected  considerably 
more  than  the  south  quarter-point  under  this 
eccentric  loading. 

The  full  "snow  load"  was  then  applied  to 
the  south  half-arch  in  increments  of  200  pounds 
per  box.  Under  conditions  of  full  dead  and 
full  snow  load  over  the  whole  arch,  the  fol¬ 
lowing  conditions  were  observed: 

Vertical  deflection  of  crown  binge _ 1.31  inches 

"  "  "  north  quarter-point  0.90 

"  "  "  south  quarter-point  0.80 

Total  horizontal  deflection  7  feet  above 
footings _ 1.00 

The  total  superimposed  load  under  the 
above  conditions  was  27,800  pounds. 

After  the  full  live  load  had  been  applied 
to  the  whole  arch,  the  overload  was  applied  in 
increments  of  100  pounds  per  box  in  each  of 
the  eight  boxes.  This  loading  procedure  was 
continued  until  each  box  contained  5,600 
pounds  of  sand,  giving  a  total  applied  load 


of  48,600  pounds.  This  load  is  equivalent  to 
the  following: 

Dead  load  of  roof _ 14  pounds  per  sq.  ft. 

Snow  load  on  roof _ 40  "  "  ''  " 

Overload  _ _ 40  "  . 

Under  conditions  of  overload,  the  following 
readings  of  deflection  were  obtained: 

Vertical  deflection  of  crown  hinge _ 2.59  inches 

"  north  quarter-point  1.49 
"  south  quarter-point  1.40 
Total  horizontal  deflection  7  feet  above 

footings _ 1^3 

During  the  whole  of  the  loading  process, 
the  arch  behaved  very  well  and  showed  no 
sign  whatever  of  incipient  failure.  However, 
one  of  the  inherent  characteristics  of  wood  is 
its  ability  to  withstand  very  heavy  loads  of 
short  duration.  This  is  a  desirable  quality, 
since  structures  are  sometimes  called  upon  to 
withstand  loads  greatly  in  excess  of  those  con¬ 
templated  in  the  design.  These  loads  include 
accidental  overloads  caused  by  human  error, 
earthquake  and  hurricane  loads,  and  freak 
snowfalls. 

It  was  decided,  therefore,  to  leave  the  arch 
under  overload  for  a  period  of  several  months 
and  to  coiitinue  the  observations  of  deflection 
in  order  to  determine  whether  the  arch  was 
capable  of  supporting  the  load  on  a  long-term 
basis.  Accordingly,  the  arch  was  left  under 
overload  for  the  remainder  of  the  winter  and 
readings  of  deflection  were  taken  at  intervals 
of  about  1  week. 

It  must  be  recognized  that  the  conditions 
under  which  the  arch  was  subjected  to  test  were 
not  by  any  means  ideal.  The  arch  had  been 
designed  and  constructed  on  the  assumption 
that  it  would  be  used  in  the  interior  of  a 
heated  building,  protected  from  rain,  high 
humidity  and  extremes  of  temperature.  The 
actual  test  conditions  involved  the  exposure  of 
the  arch  to  wind-driven  rain,  to  considerable 
variations  in  relative  humidity  and  to  extreme 
variations  in  temperature  as  afforded  by  the 
Canadian  climate. 

Although  the  arch  had  been  given  three  coats 
of  lead  paint  before  testing,  it  must  be  assumed 
that  some  change  in  moisture  content  would 
.take  place  from  week  to  week  and  from  season 
to  season.  An  increase  in  moisture  content 
would  result  in  two  things,  a  weakening  of  the 
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wood  fibres  and  an  increase  in  the  width  and 
depth  of  the  arch  rib.  This  increase  in  depth, 
occurring  at  the  haunch  or  curved  portion 
would  result  in  an  increase  in  the  radius  of 
curvature  of  the  haunch.  Similarly,  a  decrease 
in  moisture  content  would  result  in  a  decrease 
in  the  depth  and  a  decrease  in  the  radius  of 
curvature. 

The  eflFect  of  temperature  would  be  some¬ 
what  similar  to  the  effect  of  change  in  mois¬ 
ture  content.  A  decrease  in  temperature  would 
result  in  a  strengthening  of  the  wood  fibers 
and  also  in  a  decrease  in  the  width  and  depth 
of  the  arch  rib.  This  decrease  in  depth,  where 
it  occurred  at  the  haunch,  would  result  in  a 
decrease  in  the  radius  of  curvature  as  well  as 
a  decrease  in  the  section  modulus  and  moment 
of  inertia  of  the  cross-section.  An  increase  in 
temperature  would  result  in  a  reversal  of  the 
above  conditions. 

The  coefficient  of  thermal  expansion  of  wood 
is  very  small  and  it  is  not  claimed  to  have  had 
any  appreciable  effect  on  the  behaviour  of  the 
arch.  The  effect  of  temperature  on  the  strength 
of  the  wood  fibers,  however,  is  thought  to  have 
had  a  considerable  effect  on  the  test  results. 

Work  done  by  P.  H.  Sulzberger  of  the  Aus¬ 
tralian  Forest  Products  Laboratory  indicates  that 
temperature  is  a  critical  factor  affecting  the 
strengtli  of  wood.  Sitka  spruce,  for  example, 
tested  at  14  per  cent  moisture  content,  was 
found  to  have  a  modulus  of  rupture  of  14,940 
p.s.i.  at  -20®  C.  M°F.),  13,670  p.s.i.  at  0®  C. 
(32®  F.)  and  11,940  p.s.i.  at  20°  C.  (68®  F.). 
These  figures  indicate  that,  over  the  range 
tested,  the  strength  of  wood  in  bending  might 
vary  by  one  percent  for  each  2.9®  F.  change  in 
temperature.  Moreover,  it  was  also  found  that 
the  rate  of  strength  decrease  would  increase  as 
the  temperature  rose  above  ordinary  room 
temperatures. 

The  temperatures  encountered  during  the 
time  that  the  arch  was  under  load  had  a  range 
of  more  than  100®  F.  Such  a  large  range  of 
temperatures  would  doubtless  have  an  appre¬ 
ciable  effect  on  the  test  results,  particularly 
when  the  structure  was  in  the  overloaded  con¬ 
dition. 

The  horizontal  thrust  at  the  footings  of  the 
arch  was  restrained  by  a  pair  of  ^-inch  steel 
tie  rods.  It  is  suspected  that  the  variation  in 


temperature  would  also  have  an  effect  on  these 
rods.  When  the  temperature  rose,  the  steel  rods 
would  lengthen,  owing  to  thermal  expansion, 
and  the  arch  would  slip  slightly  on  its  foot¬ 
ings.  When  the  temperature  dropped,  the  steel  ’ 
rods  would  tend  to  tighten  up  again  but  would 
not  have  sufficient  strength  to  overcome  the 
friction  between  the  arch  and  the  footing  in 
addition  to  the  horizontal  thrust  caused  by  the 
load  on  the  arch.  This  theory  is  suggested  as  a 
possible  explanation  of  the  fact  that  the  out- 
to-out  span  at  the  base  of  the  arch  increased  by 
Yff  inch  from  November,  1947  to  May,  1948. 
It  is  calculated  that  this  slipping  of  the  arch 
at  the  footings  would  cause  an  apparent,  but 
not  real,  deflection  of  0.07  inch  at  the  crown 
hinge. 

It  is  evident,  therefore,  that  exposing  the 
arch  to  varying  climatic  conditions  during  the 
{^riod  under  test  must  necessarily  have  brought 
into  the  picture  certain  variables  which  are  dif¬ 
ficult,  if  not  impossible,  to  evaluate  and  that 
the  results  cannot  be  regarded  as  possessing  the 
same  degree  of  accuracy  as  if  the  arch  had  been 
tested  in  a  chamber  with  controlled  tempera¬ 
ture  and  relative  humidity. 

Behaviour  Under  Constant  Load 

The  arch  had  been  loaded  with  a  dead 
weight  of  48,000  pounds  on  November  3, 
1947.  This  load  was  left  on  the  arch  until 
May  19,  1948.  During  this  period,  deflection 
readings  were  taken,  from  time  to  time,  to 
record  the  changes  that  were  taking  place.  A 
graph  (Fig.  3)  was  then  prepared  which  re¬ 
lates  the  deflection  of  the  crown  hinge  with 
the  time  that  the  arch  was  under  load. 

Inunediately  after  the  arch  had  been  loaded, 
the  deflection  of  the  crown  hinge  was  found  to 
be  2.39  inches.  The  deflection  continued  to 
increase,  however,  until  early  in  December.  It 
is  interesting  to  note  that  the  rate  of  increase 
of  deflection  decreased  as  the  mean  daily  tem¬ 
peratures  decreased,  until  about  mid-December 
when  cold,  wintry  weather  firmly  established 
itself  in  the  Ottawa  area. 

The  deflection  of  the  crown  hinge  remained 
constant  from  about  mid-December  until  about 
mid-March.  An  examination  of  the  tempera¬ 
ture  graph  will  show  that  spring  weather  began 
to  make  an  appearance  at  about  the  middle  of 
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March.  Coincident  with  this  trend  toward 
higher  temperatures,  the  deflection  of  the  arch 
also  began  to  increase.  The  rate  of  increase  of 
deflection  increased  from  about  mid-March 
until  about  the  middle  of  May,  during  which 
period  the  daily  mean*  temperature  showed  a 
steady  increase.  This  prompted  the  decision  to 
remove  the  excess  load  of  20,800  pounds  and 
to  leave  the  design  load  only  (27,800  pounds) 
on  the  arch  for  the  remainder  of  the  summer. 

As  the  overload  of  20,800  pounds  was  re¬ 
moved,  the  arch  recovered  some  of  its  deflec¬ 
tion.  However,  the  recovery  during  removal  of 
this  load  did  not  quite  equal  the  deflection  that 
had  taken  place  during' the  initial  loading  of 
the  arch  with  the.  same  overload.  The  full  de¬ 
sign  load  (dead  load  plus  snow  load)  of 
27,800  pounds  was  left  on  the  arch  during  the 
remainder  of  1948  and  into  the  early  part  of 
1949.  The  time-deflection  graph  shows  that 
the  deflection  under  design  load  continued  tO 
increase.  It  should  be  noted,  however,  that  the 


rate  of  increase  throughout  the  sununer  of  1948 
was  much  lower  than  the  rate  of  increase  dur¬ 
ing  November  of  1947.  In  the  one  case,  cool 
weather  and  dverload  combined  to  give  a  high 
rate  of  iiKrease  and  in  the  other  case,  hot 
weather  and  design  load  only  gave  a  lower  rate 
of  increase. 

Cooler  weather  prevailed  in  Ottawa  from 
about  the  end  of  August,  1948,  on  into  the 
winter.  It  will  be  seen  that  the  deflection 
trends  were  similar  to  those  of  the  previous 
fall  and  winter.  As  the  temperature  decreased, 
the  rate  of  increase  of  deflection  also  decreased 
until,  by  about  December,  1948,  the  deflection 
was  again  a  practically  fixed  amount. 

Conclusions 

It  appeared,  from  the  results  of  this  experi¬ 
ment,  that  temperature  was  one  of  the  main 
factors  influencing  the  deflection  of  the  arch. 
The  arch  appeared  to  be  overloaded  under  a 
continuous  load  of  48,600  pounds  unless  the 
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temperature  was  well  below  the  freezing  point 
of  water.  The  arch  was  overloaded  also  under 
a  continuous  load  of  27,800  pounds  when  the 
temperature  was  above  50®  F. 

The  maximum  flexural  stress  in  the  arch 
under  full  design  load,  was  about  700  p.s.i. 
This  is  a  very  conservative  design  stress  for 
white  spruce  under  ordinary  conditions,  but 
apparently  is  too  high  for  this  particular  appli¬ 
cation.  One  assumption  is  that  greater  allow¬ 
ance  should  have  been  made  for  the  initial 
Stresses  set  up  in  the  laminations  when  they 
were  bent  around  the  form.  These  initial 
stresses,  exceeding  as  they  did  the  proportional 
limit  of  the  material,  were  increased  unduly  by 
the  addition  of  another  700  p.s.i.  This  brought 
the  total  stress  to  a  figure  within  the  plastic 
range  of  the  material  with  the  result  that  slow, 
continued  deformation  took  place. 

The  arch  could  have  been  strengthened  either 
by  deepening  the  section  or  by  employing  thin¬ 
ner  laminations.  From  the  standpoint  of  ap¬ 
pearance,  and  possibly  also  from  the  standpoint 
of  economy,  although  this  latter  is  doubtful,  it 
would  have  been  preferable  to  employ  thinner 
laminations.  The  stress  induced  in  the  thiimer 
laminations  by  bending  around  the  form  would 
have  been  much  less  and  the  capacity  for  taking 
additional  stress  would  have  been  increased 
correspondingly. 

It  should  not  be  inferred  from  this  paper 
that  the  arch  would  have  failed  in  service  if  it 
had  been  used  in  a  building  according  to  the 
design  assumptions.  The  writer  believes  that 
the  arch  would  have  performed  satisfactorily  in 
ordinary  seryice  and  that  the  reduced  margin 
of  safety  might  never  have  been  detected.  In 
this  connection  it  should  be  remembered  that 
the  arch  was  designed  for  14  pounds  dead  load 
and  40  pounds  snow  load  on  every  square  foot 
of  the  projected  roof  area.  The  snow  load  of 
40  p.s.f.  is  seldom  encountered  even  in  Canada 
and  ought  to  be  considered  a  rare  occurrence, 
(say  once  in  10  years)  rather  than  a  continual 
happening.  Moreover,  such  a  freak  snowload 
would  probably  not  remain  on  the  roof  for  the 
duration  of  the  winter,  but  would  be  likely  to 
be  considerably  dispersed  by  wind,  evaporation, 
and  thawing  within  two  or  three  weeks. 

Under  normal  conditions,  therefore,  the  arch 
would  be  called  upon  to  support  the  'dead  load 


only  for  the  greater  percentage  of  the  year,  a 
small  snow  load  for  two  or  three  months  of  the 
year,  and  a  maximum  snowload  for  about  one- 
half  of  one  percent  of  the  life  of  the  arch.  The 
writer  believes  that  the  arch  would  have  been 
adequate  under  these  conditions. 

Discussion 

¥rank  J.  Hanrahan  (National  Lumber  Manu¬ 
facturers  Association);  Mr.  Kennedy  is  to  be 
complimented  on  his  excellent  paper  and  his 
most  interesting  investigation  of  the  ’glued 
laminated  arch.  There  are  some  factors  which 
might  have  influenced  the  behavior  of  the  arch, 
upon  which  Mr.  Kennedy  has  not  commented 
in  his  paper. 

In  the  design  of  the  arch,  were  the  design 
stresses  adjusted  for  depth  factor?  T.  R.  C. 
Wilson  (U.  S.  Forest  Products  Laboratory)  in 
"The  Glued  Laminated  Wooden  Arch”,  rec¬ 
ommends  that  in  design  the  sum  of  the  com¬ 
bined  bending  and  compression  stresses  should 
not  exceed  the  allowable  stress  multiplied  by 
the  following  depth  factor: 

1.07  — 0.07  ^ 

where  "h”  is  the  depth  of  member  in  inches 
at  the  point  under  consideration.  At  the 
haunch  of  this  particular  arch,  which  is  23% 
inches  deep,  adjustment  for  depth  factor  re¬ 
sults  in  a  reduction  of  about  18  percent  in  the 
allowable  design  stress. 

Likewise,  Mr.  Wilson  recommends  adjust¬ 
ment  of  the  design  stress  at  the  curved  portion 
of  the  arch,  in  accordance  with  the  following 
multiplying  factor; 

1.00  —  2000 

where is  the  thickness  of  lamination  divided 
R 

by  the  radius  to  which  the  lamination  is  bent. 
For  %-inch  laminations  bent  to  a  radius  of- 
87.5  inches,  this  gives  a  further  reduction  of 
20  percent  in  the  allowable  stress  at  the  haunch. 

The  preceding  curvature  adjustment  con¬ 
templates  bending  and  gluing  at  room  tempera¬ 
tures  and  humidities.  Steaming  is  known  to 
weaken  wood  substantially.  Has  the  author 
any  data  which  would  give  ah  indication  of 
the  reduction  in  strength  to  be  expected  from 
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steam  bending  instead  of  room  temperature 
bending?  ^ 

The  paper  appears  to  be  a  progress  ^report 
in  that  apparently  the  arch  has  not  been  tested 
to  destruction.  As  additional  information,  it 
would  be  interesting  to  know  the  extent  of 
any  delamination  of  the  casein  glued  arch  un¬ 
der  such  exterior  exposure.  Also  the  extent  to 
which  extenders  were  used  in  the  casein  glue. 

Any  'tests  of  matched  samples  from  low 
stressed  portions  of  the  exposed  arch  and  from 
an  extension  of  the  arch  not  subjected  to  exte¬ 
rior  exposure  but  kept  inside  a  building,  which 
would  indicate  the  relative  perforihance  and 
strength  differences  to  be  expected  through  in¬ 
side  and  exterior  exposures  of  casein  glued 
arches,  would  be  of  interest. 

Also,  any  auxiliary  tests  which  would  dem¬ 
onstrate  the  quantitative  difference  in  perform¬ 
ance  and  strength  to  be  anticipated  from  nailed 
and  clamping  pressure  assemblies  would  be 
helpful  to  designers.  For  example,  T.  R.  C. 
Wilson,  in  his  publication,  recommends  that, 
when  the  member  is  assembled  by  nail  pressure 
gluing,  the  allowable  stress  in  longitudinal 
shear  should  not  exceed  two-thirds  of  the  value 
for  a  member  assembled  by  clamp  pressure 
gluing. 

It  is,  of  course,  realized  that  there  is  a  limit 
to  the  amount  of  investigation  which  can  be 
undertaken  in  a  given  project.  Mr.  Kennedy 
is  to  be  congratulated  on  his  contribution.  It  is 
hoped  that  he  will  make  further  contributions 
to  knowledge  of  the  subject. 

Mr.  Kennedy:  In  reply  to  Mr.  Hanrahan’s 
question  regarding  the  computation  of  strength 
reduction  factors  to  take  into  account  the  depth 
of  the  arch  rib  and  the  bending  of  the  lamina¬ 
tions,  I  did  not  specifically  refer  to  these  in 
my  paper  because  they  were  estimated  rather 
than  calculated.  In  other  words,  the  arch  was 
not  designed  with  extreme  precision  because  it 
was  believed  that  the  unknown  factors  in  the 
design  mig^t  make  any  attempt  at  such  preci¬ 
sion  appear  ludicrous.  The  arch  was  designed 
by  cut-and-try  procedures  and,  when  a  trial 
design  gave  calculated,  uncorrected  stresses  of 
approximately  700  p.s.i.,  the  design  was  ac¬ 
cepted  in  the  belief  that  such  conservative 
stresses  would  take  care  of  all  likely  contin¬ 
gencies.;  In  any  event,  a  safe  working  stress 
for  select  merchantable  spruce  of  1100  p.s.i.. 


when  reduced  by  38  percent,  gives  a  corrected 
working  stress  of  nearly  700  p.s.i. 

I  have  no  data  on  the  reduction  in  the 
strength  of  wood  caused  by  steam  bending,  ex¬ 
cept  what  might  be  obtained  ^from  outside 
sources.  It  should  be  pointed  out,  however,  that 
steam  bending  was  not  planned  originally  in 
the  construction  of  the  arch  and  therefore  no 
correction  for  strength  reduction  was  made  in 
the  design.  Steam  bending  was  resorted  to  only 
after  it  became  apparent  that  cold  l>ending  of 
the  particular  grades  of  white  spruce  employed 
was  impracticable.  Rather  than  change  the  de¬ 
sign  and  rebuild  the  form,  the  construction  was 
carried  on  according  to  the  original  plans. 

The  arch  has  been  tested  to  destruction  since 
this  paper  was  presented  in  May.  A  system  of 
hydraulic  cylinders  connected  to  earth  anchors 
was  employed  to  apply  the  destructive  load. 
The  points  of  application  of  load  (16  in  num¬ 
ber)  were  the  same  as  were  employed  to  sup¬ 
port  the  8  sand  boxes.  The  arcn  failed  in  longi¬ 
tudinal  shear  at  the  south  footing  under  a  maxi¬ 
mum  load  of  129,000  pounds.  This  was  con¬ 
sidered  to  be  a  very  satisfactory  proof  of  the 
adequacy  of  the  design,  especially  in  ^^ew  of 
the  fact  that  the  arch  had  been  subjected  to 
continuous  dead  loading  for  so  long  a  period 
prior  to  the  destructive  test. 

The  delamination  of  the  arch  during  the 
period  of  exposure  was  superficial  only  and 
might  be  considered  negligible.  Perhaps  a  half 
dozen  small  cracks  were  visible  at  the  time  of 
the  destructive  loading  test.  I  would  like  to 
emphasize,  however,  that  the  arch  had  been 
given  three  coats  of  paint  and,  in  addition,  a 
makeshift  watershed  was  built  above  the  arch 
to  provide  protection  from  direct  rainfall. 

No  extenders  were  used  in  the  casein  glue. 

The  tests  of  matched  samples  and  other 
auxiliary  tests  to  which  Mr.  Hanrahan  refers 
were  not  carried  out  because,  as  he,  points  out, 
there  is  a  limit  to  the  amount  of  investigation 
which  can  be  undertaken  in  a’  given  project. 
Since  nails  were  used  to  provide  gluing  pres¬ 
sure,  the  cutting  of  small  'test  specimens  from 
the  broken  arch  was  considered  to  be  too  haz¬ 
ardous  an  undertaking. 

The  arch  failed  in  shear  and  there  was  evi¬ 
dence  of  some  glue  failure  as  well  as  wood 
i  failure.  Most  of  the  glue  failure  appeared  to 
,  be  the  result  of  insufficient  pressure  in  certain 
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areas.  However,  the  author  is  inclined  to  the 
Opinion  that  perfect  gluing  on  every  square 
inch  of  glued  joint  is  not  absolutely  necessary 
on  such  a  large  member.  In  other  words,  the 
average  strength  of  any  one  joint  is  of  greater 
consequence  than  the  strength  of  the  weakest 
square  inch  of  glue  Ijne.  This  theory  is  borne 
out  to  some  extent  by  the  results  of  the  test.  If 
the  gluing  had  been  much  better  than  it  was, 
it  could  not  have  increased  the  strength  of  the 
arch  by  an  appreciable  amount. 

James  F.  Hamilton  (Perkins  Glue  Com¬ 
pany)  ;  What  experiences  in  Europe  have  been 
had  with  casein  glue? 

Mr.  Kennedy:  It  can  be  said  that  the  Euro¬ 
peans  have  had  considerable  experience  with 


casein  glue  used  for  gluing  structural  members. 
This  experience  extends  over  more  than  a 
quarter  of  a  century  and  has  given  proof  of 
the  durability  of  casein  glue  under  d^  condi¬ 
tions.  No  other  glue  has  such  a  long  record  of 
service  in  heavy  timber  construction  and  this  is 
one  of  the  reasons  that  casein  was  chosen  for 
use  in  the  47-foot  laminated  arch.  If  the  arch 
had  been  designed  for  exterior  use,  some  other 
glue  would  have  been  selected  rather  than 
casein. 

Axel  V.  Pederson  (Economy  Farm  Struc¬ 
tures)  :  In  Torebods,  Sweden,  nailing  is  used 
in  connection  with  the  core  of  arches.  Flanges 
on  the  arches  are  formed  by  use  of  clamps  in 
order  to  get  proper  strength  in  the  glue  line. 
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Glued  Laminated  Wood 

Verae  Ketchum 

Chief  Engineer,  Timber  Structures,  Inc.,  Portland,  Oregon 

The  handicap  of  high  coat  of  glued  timber  construction  may  be  offset  in  whole  or  part  by  the  use  of 
higher  stresses,  and  by  elimination  of  costly  ceilinn,  coverings,  boxing  enclosures,  and  servicing  operations. 
Every  advantage  of  glued  construction  must  be  used  if  it  is  to  take  its  ri^tful  place  in  timber  construaion. 


Introduction 

Glued  laminated  structural  members  are 
'  today  extensively  used  in  timber  con¬ 
struction  and  ev^ry  indication  points  to 
increasing  demands.  With  this  new  timber  art 
we  may  now  make  curved  members  and  bring 
to  timber  the  beauty  of  the  rainbow  and  the 
strength  of  the  arch. 

Now  we  may  construct  buildings  with  curved 
roofs,  gothic  barns,  and  churches  with  beau¬ 
tiful  exposed  wood  arches  that  rest  and  delight 
the  eye  while  lifting  skyward  the  chapel  roof. 
Timber  can  now  be  fashioned  into  strong  com¬ 
pact  truss  chords  curved  or  straight  for  build¬ 
ings  or  bridges  and  into  moulded  boat  frames. 
Members  may  be  fashioned  into  tapered  shapes 
which  conform  to  varying  stresses. 

Laminating  permits  the  selection  of  mate¬ 
rial  in  a  member  to  place  high  strength  and 
good  appearance  where  strength  and  looks  are 
most  needed  and  placement  of  less  desirable 
materials  in  less  critical  positions. 

Glued  laminated  members  do  not  check  or 
split  in  service  nor  require  servicing  operations. 
They  permit  the  construction  of  large  sizes  and 
long  lengths,  use  little  hardware  or  ironwork 
for  connections,  and  require  a  minimum  of 
fabrication  and  assembly. 

Glued  construction  does  have  the  handicaps 
of  high  cost  and  restrictions  of  transportation. 
No  laminator  has  been  able  to  produce  a  glued 
product  at  solid  timber  costs,  ^lief  exists  that 
scrap  and  waste  can  be  utilized  in  a  glued 
member  that  by  some  strange  alchemy  becomes 
low  in  cost  and  high  in  strength.  Good  lami¬ 
nated  members  require  good  lumber  and  more 
of  it,  size  for  size,  than  solid  sawn  members. 

To  the  lumber  the  laminator  must  add  glue, 
plant,  equipment,  labor  and  supervision  to 
attain  a  member  that  is  only  then  equivalent  to 
a  mill-delivered  stick.  Fabrication,  hardware. 


ironwork,  transportation,  assembly  and  erectior 
must  later  be  added  in  like  quantities  to  eithei 
mill-delivered  or  shop  formed  timber. 

Transportation  clearances  restrict  shipmeni 
of  large  curved  members  and  so  designers  and 
la^inators  are  restricted  in  shop  production  ol 
large  pieces.  Large  boomerang  arches  are  espe¬ 
cially  hard  to  design  and  build  except  for 
nearby  sites.  Long  distance  shipping  of  large 
members  requires  splices  near  the  section  of 
maximum  bending  moment  that  make  mem¬ 
bers  unsightly  and  cost  prohibitive.  Shipping 
restrictions  account  largely  for  preference  of 
three-  over  two-hinged  arches. 

Glued  laminated  structural  members  whkh 
use  water  resistant  casein  glues  are  for  pro¬ 
tected  construction  where  moisture  content  of 
the  wood  can  never  exceed  20  percent.  For 
service  conditions  where  moisture  content  may 
exceed  20  percent  waterproof  resin  glues  must 
be  used.  , 

Glued  laminated  members  may  now  be  given 
fireproof  or  preservative  treatments  and  opera¬ 
tions  may  be  such  that  treatment  is  applied  to 
laminations  before  gluing  or  to  completed 
glued-up  member. 

Load  Conditions 

Extensive  test  programs  have  proven  that  the 
strength  of  wood,  unlike  that  of  some  other 
building  materials,  varies  with  duration  of  load 
and  that  all  strength  properties  except  modulus 
of  elasticity  may  with  safety  be  varied  accord¬ 
ingly  fSj. 

The  following  classifications  are  used  in  the 
determination  and  application  of  timber 
stresses. 

Long  Time  Service  at 
Maximum  Design  Load 

This  type  of  loading  applies  to  those  struc¬ 
tural  members  that  must  carry  maximum  design 
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load  and  consequently  are  fully  stressed  to 
maximum  allowable  stress  for  many  years 
either  continuously  or  cumulatively.  Such  load 
conditions  would  be  encountered  by  timber 
members  of  rock  cribs,  dams,  or  retaining  walls. 

The  Forest  Products  Laboratory  uses  this 
load  condition  for  determination  of  basic 
stresses  and  values  given  in  (5).  Stresses  for 
this  type  of  loading  are  considered  to  be  about 
ten  percent  less  than  for  normal  loading 
(Table  1). 

Normal  Loading 

Nearly  all  timber  members  in  structures  are 
never  or  at  least  only  for  comparatively  short 
periods  loaded  to  full  design  capacity.  Assign¬ 
ment  of  working  stresses  is  then  made  on  this 
basis.  Table  1  in  National  Design  Specifica¬ 
tions  (7)  gives  working  unit  stresses  for  Amer¬ 
ican  G}mmercial  Woods  when  used  under 
normal  loading  conditions. 

Two  Months  as  for  Snow 

This  type  of  load  condition  applies  to  mem¬ 
bers  subject  to  snow  loads.  Stress  values  may 
be  increased  15  percent  for  such  loading  over 
those  permitted  for  normal  loading. 

Seven  Days  Duration 

This  load  condition  applies  to  those  mem¬ 
bers  which  are  fully  loaded  for  a  very  short 
time  and  for  a  time  which  is  much  less  than  for 
snow  conditions.  Stress  values  may  be  increased 
25  percent  for  such  loading  over  those  per¬ 
mitted  for  normal  loading. 

Wind  or  Earthquake 

This  load  condition  applies  to  those  mem¬ 
bers  which  are  fully  loaded  by  wind  or  earth¬ 
quake.  Stress  values  may  be  increased  33%  per¬ 
cent  for  such  loading  over  those  permitted  for 
normal  loading. 

Impact 

This  load  condition  applies  to  those  mem¬ 
bers  which  are  fully  stressed  by  impact.  Stress 
values  may  be  iiKreased  100  percent  for  such 
loading  over  those  permitted  for  normal  load¬ 
ing. 

Increases  apply  to  all  stresses  except  modulus 
of  elasticity.  Percentages  are  not  cumulative  nor 
shall  resulting  member  be  smaller,  nor  shall 
fastenings  be  less  in  number  than  required  for 


permanent  loading  alone.  These  increases  also 
apply  to  mechanical  fastenings. 

Some  codes  restrict  stress  and  load  increases 
to  other  values  than  those  given  here. 

Roof  trusses,  arches  and  other  roof  framing 
take  snow  increase  while  columns  almost 
always  are  critical  under  wind  combined  load¬ 
ing. 

The  writer  knows  of  no  publication  which 
gives  loading  classification  for  ships,  boats  ar^d 
barges  but  it  would  seem  reasonable  to  use 
snow-combined-stresses  for  load,  flotation,  and 
wave  actions  and  wind-combined  or  even  im¬ 
pact  for  grounding  and  collision  shock  stresses. 

Load  conditions  of  glued  members  are  the 
same  as  for  solid  timbers. 

Stress  Derivation 

Working  stresses  of  timber  are  derived  by 
three  separate  operations: 

(1)  Small,  clear  specimens  of  unseasoned 
wood  are  broken  to  obtain  ultimate 
breaking  strength. 

(2)  Breaking  strength  is  reduced  for  a 
factor  of  safety  to  allow  for  variability 
within  a  species,  effect  of  long  time 
loading  and  of  a  general  safety  factor. 
Such  reduced  values  are  termed  basic 
stresses. 

(3)  Basic  stresses  are  in  their  turn  further 
reduced  for  grade  defects  such  as  knots. 
These  final  values  are  termed  working 
stresses  and  used  by  designers. 

Ultimate  Breaking  Strength 

Breaking  strengths  for  commercial  American 
woods  are  given  in  the  Wood  Handbook  (1) 
and  Strength  and  Related  Properties  of  Wood 
(2). 

Two  classifications  are  shown  and  the  values 
for  the  dry  condition  (12  percent  moisture  con¬ 
tent)  are  much  higher  than  those  listed  for 
unseasoned  wood. 

Since  glued  members  may  have  a  moisture 
content  up  to  16  percent,  their  strength  is 
intermediate  between  these  two  and  only 
slightly  less  than  the  strength  of  dry  members 
(12). 

Published  breaking  strengths  of  wood  are 
based  on  extensive  test  laboratory  programs 
that  include  lengthy  and  complicated  analysis. 
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Breaking  strengths  as  given  in  tables  are  usually 
for  unseasoned  wood. 

Factor  of  Safety 

Factor  of  safety  is  a  summation  of  many 
interlocking  variables  and  conditions  of  use. 
The  value  of  this  factor  is  given  as  four  but  the 
popular  conception  of  it  is  nearer  three  or  less. 
Factor  of  safety,  is  the  same  for  glued  as  for 
solid  sawn  timbers. 

Basic  Stresses  < 

Basic  stresses  for  clear  unseasoned  woods 
under  long  time  service  at  maximum  design 
loads  for  commercial  American  Woods  are 
given  in  Supplement  No.  2.  Values  for 
normal  loading  conditions  are  ten  percent 
higher  than  for  long  time  loading  f8J. 

The  Forest  Products  Laboratory  has  just 
completed  an  extensive  test  program  on  glued 
laminated  structural  members  for  the  determi¬ 
nation  of  basic  stresses.  Agreement  has  now 
been  reached  on  all  values  except  those  of  com¬ 
pression  across  the  grain.  It  seems  reasonable 
to  assign  a  ten  percent  increase  to  glued  con¬ 
struction  as  compared  to  that  for  solid-sawn 
since  stress  for  solid-sawn  is  based  on  surface 
dryness  only  and  glued  members  are  dry 
throughout. 

The  following  values  give  Forest  Products 
Laboratory  recommendations  for  agreed -on 
stress  values  and  also  the  writer’s  suggested 
increase  for  compression  across  grain: 


modification  may  occur  during  the  adoption 
processes. 

Strength  Ratio 

Strength  ratio  of  glued  member  is  substan¬ 
tially  the  same  as  for  solid  sawn  timbers.  Since 
in  the  determination  of  unit  woricing  stresses 
for  joists  and  planks  of  which  laminations  are 
made,  some  credit  was  taken  for  dryness  with 
freedom  from  checking  the  percentage  increases 
of  unit  working  stresses  in  glued  members  may 
not  finally  be  as  great  as  the  increase  in  basic 
stresses  would  indicate. 

Woricing  Stresses 

Strength  ratio  reductions  to  obtain  working 
stresses  from  basic  stresses  are  determined  by 
lumber  association  technicians  (3,  4,  3). 

Strength  ratio  determinations  were  made  in 
1934  before  the  wide-spread  use  of  timber  con¬ 
nector  trusses  and  glued  members  and  so  do 
not  fit  modern  usage  of  timbers  too  well.  A 
complete  revision  is  now  being  started  by  the 
Forest  Products  Laboratory.  Present'  practice 
uses  solid  sawn  grades  and  corresponding 
working  stresses  for  glued  members  but  takes 
advantage  of  certain  stress  increases  for  dry¬ 
ness  and  for  better  dispersion  of  defects. 

It  seems  certain  that  the  extensive  test  pro¬ 
gram  of  the  Forest  Products  Laboratory  and 
careful  analysis,  acceptance  and  modification 
operations  will  result  in  a  better  and  more 
realistic  picture  of  design  with  glued  members. 


Table  1. — Basic  Stresses  in  psi,  Coast  Region  Douglas  Fir 

Solid  timbers  Glued  laminated  timbers 


Bendinc . . 

Tension  with  Krain _ 

Compression  across  Brain. 
Compression  with  Brain.. 

Horisontal  shear _ 

Modulns  of  elaatieity _ 


Lodb  time 

Normal 

loadiuB 

loadiuB 

2200 

2400 

2200 

2400 

320 

860 

1460 

1600 

180  • 

146 

1,600,000 

1,600.000 

Normal 

Normal 

loadinB 

loadinB 

8000 

25 

3000 

26 

886 

10 

2200 

87 

166 

16 

1,800,000 

12 

Percentage  increases  for  other  grades  and 
other  species  are  the  same  except  for  redwood, 
for  which  the  increase  for  bending  stress  is  22 
percent. 

The  Forest  Products  Laboratory  will  soon 
distribute  a  glued-construction  sign  manual 
which  will  be  submitted  to  the  lun^r  associa¬ 
tions  and  to  timber  structural  engineers  for 
approval  and  adoption  and  for  determination 
and  assignment  of  working  stresses.  Some 


The  general  trend  of  development  can  now  be 
seen  but  exact  details  cannot  be  foretold. 

The  following  stress  values  give  what  is  be¬ 
lieved  to  be  the  best  and  latest  practice  with 
indications  of  future  trends  as  they  have 
appeared. 

Working  stresses  for  American  commercial 
woods  used  under  normal  loading  conditions 
and  in  solid  sawn  timber  form  may  be  found 
in  (1)  of  National  Design  Specifications. 
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Bending 

The  Unifonn  Building  Code  (8)  allows  a 
t>ending  working  stress  20  percent  greater  in 
glued  members  than  that  is  permitted  for  the 
same  grade  and  species  in  sawn  solid  timbers. 
Basic  stress  increase  as  found  by  Forest  Prod¬ 
ucts  Laboratory  is  25  percent.  It  would  seem 
that  a  value  of  20  percent  could  well  be  used. 
The  increase  is  due  principally  to  drying 
strength  increase  and  in  a  smaller  measure  to 
defects  being  limited  to  one  lamination  in 
depth. 

Tension  With  Grain 

Tension  with  grain  of  glued  timbers  using 
scarfed  joints  in  laminations  is  strong  in  com¬ 
parison  with  solid  sawn  material  since  gain  is 
made  in  both  dryness  and  in  lumber  defect 
limitation  and  dispersion.  The  Uniform  Build¬ 
ing  Code  permits  20  percent  increase  for  glued 
members  as  compared  to  solid-sawn  members 
and  this  figure,  in  light  of  Forest  Products  Lab¬ 
oratory  basic  stress  increases,  seems  reasonable 
and  should  later  be  substantiated  by  the  trade. 

Grade  selection  has  no  merit  where  tension 
with  grain  is  the  principal  stress.  Where  mixed 
grades  are  used  for  other  reasons  tension  stress 
of  lowest  grade  shall  govern. 

It  is  recommended  that  proper  net  sections 
as  recommended  in  Teco  Manual  and  bolted 
joint  literature  be  used  for  connector  and  bolt 
joints. 

Compression  Across  Grain 
Compression  across  grain  stress  is  used  for 
connection  design  but  not  for  member  design. 
Working  stresses  for  glued  timbers  may  be 
taken  as  ten  percent  greater  than  for  solid 
sawn-timbers  of  same  species  and  grade. 

In  glued  members,  where  construction  war¬ 
rants,  high  compression  stress  species  can  be 
placed  where  n^ed. 

Values  in  publications  are  for  bearings  6 
inches  or  more  in  length.  For  shorter  bearings 
unit  stress  may  be  increased. 

Compression  With  Grain 
Since  in  glued  timbers  gain  is  made  for  dry¬ 
ness  and  for  limitations  of  defects  to  one  lami¬ 
nation  in  depth  and  to  dispersion  of  defects, 
glued  timbers  are  stronger  than  solid  sawn- 
timbers  in  this  stress  type.  Both  National  De¬ 


sign  Specification  and  Uniform  Building  Code 
permit  a  40  percent  increase  for  compression 
with  grain.  This  higher  value  may  well  be 
used. 

There  is  no  merit  in  grade  selection  for 
glued  timbers  stressed  principally  in  compres¬ 
sion  with  grain.  Where  selection  is  used  then 
the  stress  value  of  lowest  grade  shall  govern. 
Note  the  National  Design  Specification  allow¬ 
ance  for  increase  where  timbers  bear  on  steel 
plates. 

Horizontal  Shear 

Forest  Products  Laboratory  tests  have  shown 
that  basic  stresses  of  glued  timbers  are  about 
l6  percent  higher  than  for  sawn  solid  and  it 
seems  reasonable  to  believe  this  increase  or 
more  will  be  carried  over  into  working  stresses. 

It  is  well  known  that  the  checks  and  splits 
which  occur  in  sawn  solid  timbers  and  weaken 
horizontal  shear  strength  do  not  occur  in  glued 
timbers.  ^ 

It  is  recommended  that  16  percent  higher 
shear  values  be  used  in  glued  timbers. 

Note  that  the  National  Design  Specification 
permits  50  percent  higher  shear  stresses  in 
joint  details  than  for  member  design  (7). 

Modulus  of  Elasticity  (E) 

Dry  lumber  is  sti£Fer  than  unseasoned  lumber 
and  the  modulus  of  elasticity  of  glued  timbers 
is  higher  than  for  sawn  solid  timbers  which 
may  be  unseasoned  (1,2). 

The  Forest  Products  Laboratory  has  agreed 
upon  a  modulus  of  elasticity  of  1,800,000  p.s.i. 
for  glued  Douglas  fir  and  southern  yellow  pine, 
which  is  a  12.5  percent  increase  over  the 
1,600,000  p.s.i.  permitted  for  sawn  solid  tim¬ 
bers.  The  same  percentage  increase  may  be 
allowed  for  glued  members  of  other  species. 

Few  realize  fully  the  true  relationship  of  E 
to  various  grades,  or  to  various  conditions  of 
loading,  service,  or  zone  selection. 

Since  E  does  not  vary  for  strength  ratio  it  is 
unnecessary  to  use  the  higher  grades  where 
stiffness  is  critical.  Often  where  for  certain 
grades  design  finds  deflection  critical  a  lower 
grade  may  well  be  used  and  the  same  size 
member  retained. 

Use  of  percentage  increases  for  temporary 
loading  operates  to  make  deflection  more  often 
critical  while  use  of  percentage  decreases  for 
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service  conditions  operate  to  make  deflection 
less  often  critical. 

If  stiffness  is  critical  for  pennanent  loads  in 
a  particular  member  (hen  temporary  load  in¬ 
crease  for  other  stresses  is  of  no  value. 

Stiffness  is  most  often  critical  for  long  spans 
and  light  load  combinations. 

A  higher  E  can  be  used  for  glued  members 
than  for  solid. 

Tension  Across  Grain 

Tension  across  grain  is  a  minor  type  of  stress 
used  in  joint  design  but  not  in  member  design. 
The  Uniform  Building  G)de  permits  a\ stress 
value  which  equals  one  seventh  of  that  allowed 
for  compression  across  grain  and  such  values 
may  be  used. 

Combined  Bending  and  Compression 

Combined  bending  and  compression  strength 
of  glued  timbers  shall  be  determined  by  the 
standard  formula  used  for  such  purpose  in 
solid  sawn-members. 

Miscellaneous  Stress  Types 

Such  stress  types  as  hardness,  vertical  shear, 
cleavage,  crushing  and  other  like  qualities  of 
wood  are  not  structurally  critical  in  either 
glued  or  solid  sawn  timbers. 

Design  Formulas 

Glued  laminated  members  shall  be  designed 
by  the  same  engineering  formulas  that  are 
u^  for  solid  sawn  wood  members  except  as 
hereinafter  mentioned. 

When  all  end  joints  in  a  member  are  re¬ 
quired  to  be  scarfed  and  when  scarfs  are  prop¬ 
erly  made,  effectively  glued,  and  properly  dis¬ 
persed,  the  member  may  be  considered  as  struc¬ 
turally  effective  for  its  full  net  cross  section. 

Where  laminations  have  end  butt  joints,  or 
stepped  or  dovetailed  joints,  such  joints  shall 
not  be  considered  as  transferring  stress  and 
laminations  shall  not  be  considered  as  struc¬ 
turally  effective  for  a  distance  equal  to  twelve 
times  lamination  thickness  on  each  side  of 
centerline  of  joint. 

Glued  members  may  be  bored  and  routed  as 
is  done  in  solid  sawn  timbers  and  load  values 
of  fastenings  in  glued  members  are  the  same 
as  used  for  seasoned  solid  sawn  members. 


Curved  Members 

For  the  curved  portion  of  a  glued  member, 
the  allowable  emit  working  stress  in  bending 
shall  be  modified  by  multiplication  by  the  fol¬ 
lowing  curvature  factor: 

1-2,000(1)' 

where  t  =  lamination  thickness  in  inches 
R  =  radius  of  curvature  in  inches- 
t/R  shall  not  exceed  1/100 

No  curvature  factor  shall  be  applied  to  stress 
in  the  straight  portion  of  a  meinber  regardless 
of  curvature  elsewhere. 

In  members  curved  to  a  radius  less  than  230 
times  the  thickness  of  a  lamination  in  that  por¬ 
tion  of  the  member,  stressed  60  percent  or 
more  of  allowable  working  stresses,  scarfed 
joints  shall  be  required. 

For  portions  of  a  member* in  which  the 
laminations  are  curved  to  a  radius  of  less  than 
150  times  their  thickness  the  slope  of  grain  in 
those  laminations  within  one-tenth  the  depth 
of  the  assembly  from  the  outer  face  of  each 
outer  lamina  shall  not  be  steeper  than  1  to  15. 

Curved  glued  beams  of  moderate  curvature 
properly  designed  for  deflection,  shear,  and 
bending  moment,  will  not  produce  appreciable 
thrust  at  supports  and  may  for  design  purposes 
be  considered  as  straight  beams,  and  no  hori¬ 
zontal  thrust  at  supports  considered. 

Curved  truss  chords  are  continuous  members 
subject  to  combined  axial  thrust  and  bending 
actions. 

Truss  action  produces  axial  thrust  (T)  along 
top  chord  which  tends  to  act  along  a  straight 
line  between  panel  points  but  which  is  forced 
to  follow  curved  shape. 

Transfer  of  thrust  from  straight  line  to 
curved  line  produces  bending  moment  of  thrust 
times  eccentricity  or  Te.  Since  the  top  chord  is 
a  constant-section  continuous  member  we  may 
say  that  positive  moment  at  panel  point  is  Te/2 
and  negative  moment  at  midpanel  is  Te/2. 

Where  roof  load  by  virtue  of  sheathing  or 
joists  produces  uniform  load  on  chord  then  we 
have  a  beam  action  negative  moment  at  panel 
point  and  a  beam  action  positive  moment  at 
midpanel.  Such  moments  are  compensating  to 
eccentric  moments  produced  by  curvature. 
Such  compensation  remains  in  the  same  com- 
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parison  ratio  for  all  variations  of  live  load 
from  zero  to  maximum  since  live  load  varia¬ 
tions  have  like  efiFect  on  both  roof  load  and 
eccentric  moments. 

Bending  Actions 

Loads  on  a  beam  produce  bending  moments 
and  the  beam  Mts  up  an  equal  and  opposite 
resisting  moment  reaction.  Bending  moment 
produces  tension  on  one  side  and  compression 
on  the  other.  Strength  of  tension  flange  acts 
about  strength  of  compression  flange  as  a 
couple  to  form  resisting  moment.  Lever  arm  of 
couple  is  distance  between  tension  and  com¬ 
pression  flanges. 

For  convenience  a  glued  beam  may  be  con¬ 
sidered  as  being  divided  for  depth  into  ten 
equal  zones. 


pressed  in  terms  of  beam  depth.  In  beam  re¬ 
sisting  moment  action  each  zone  on  compres¬ 
sion  side  acts  as  a  couple  about  equal-in- 
strength  zone  on  tension  side.  Values  here  are 
taken  from  center  to  center  of  zones  which  is 
not  quite  true  but  error  introduced  in  small 
and  unimportant.  Lever  arms  are  shown  graph¬ 
ically  in  Fig.  Id. 

(e)  Values  in  moment  column  (6)  are 're¬ 
spective  resisting  moments  of  zona  and  a  true 
measure  of  work  performed  by  each  zone  in 
resisting  beam  bending  moment,  and  hence  in 
carrying  beam  loadk  Values:  are  products  of 
zone  strength  column  (4)  and  lever  arm 
column  (3)  and  expressed  in  inch  pounds. 
Values  may  be  either  tension  or  compression 
resisting  moments.  These  values  are  illustrated 
graphically  in  Fig.  Id. 


Tablb  2. — ZoNB  Strength  Values 


Maximum  Average 


Zone  atreaa  atreaa 

(1)  (2)  (8) 

1  . l.Of  'o.90f 

2  . 8f  .7(W 

8.. . 6f  .60f 

4 . 4f  .80f 


(a)  Values  in  maximum  stress  column  (2) 
are  ratios  of  maximum  possible  stress  either 
tension  or  compression  in  individual  zone  to 
maximum  allowable  working  stress.  These 
values  are  illustrated  graphically  in  Fig.  la,  b. 
Values  in  individual  zones  for  various  allow¬ 
able  working  stresses  are  given  in  Table^3. 

(b)  Values  in  average  stress  column  (3)  are 
ratios  of  average  stress  either  tension  or  com¬ 
pression  in  individual  zone,  as  compared  to 
maximum  allowable  working  stress. 

(c)  Values  in  strength  column  (4)  are  total 
strength  of  each  zone  in  pounds.  Values  are 
product  of  average  stress  values  column  (3) 
and  area  bd/10  of  each  zone.  Values  may  be 
either  tension  or  compression.  Zone  strengths 
illustrated  graphically  in  Fig.  Ic. 

(d)  Values  ,  in  lever  arm  column  (5)  are 
length  of  lever  arms  of  individual  zones  ex- 


Strength 

Lever 

arm 

Moment 

Moment 

percent 

(4) 

(6) 

(8) 

(7) 

O.OSfbd 

0.9d 

O.OSlfbd* 

60.0 

.070x1 

.7d 

.049n>d* 

80.0 

.O-Sfbd 

.6d 

.025fbd* 

16.0 

.OSfbd 

.8d 

.009fbd3 

4.6 

.Olfbd 

.Id 

.OOlfbd* 

.6 

(f)  Values  in  moment  percent  column  (7) 
are  percentage  of  total  resisting  moment  either 
tension  or  compression  carried  by  respective 
zone..  Note  that  outer  zone  carries  50  percent 
of  the  load  and  that  zone  3  which  lies  adjacent 
to  neutral  axis  carries  only  one  half  of  one  per¬ 
cent  of  load.  Surely  outer  laminations  are  all 
powerful  and  central  laminations  are  compara¬ 
tively  weak. 

An  outer  lamination  may  be  likened  to  a 
man  working  long  hours  and  acc(xnplishing 
much,  while  an  inner  lamination  may  be  lik¬ 
ened  to  a  boy  working  short  hours  and  accom¬ 
plishing  little.  This  situation  shows  up  clearly 
in  tests  where  outer  laminations  fail  so  regu¬ 
larly  that  test  observers  are  almost  inclined  to 
believe  that  all  strength  lies  in  outer  face 
lamination. 


Table  3. — Maximum  Working  Stresses  eor  Various  Zones 


Working  Unit 

Zone 

Zone 

Zone 

Zone 

Zone 

Street 

One 

Two 

Three 

Four 

Five 

(1) 

(2) 

(8) 

W 

(6i 

(6) 

(7) 

p.a.L 

100  percent 

80  percent 

60  percent 

40  percent 

20  percent 

(a> . 

.  2400 

2400 

1920 

1440 

960 

480 

(b) . 

.  1900 

1900 

1620 

1140 

760 

880 

cl . 

.  1460 

1400 

1160 

870 

680 

290 

(d) . 

.  1100 

1100 

880 

860 

440 

220 
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In  Table  3  working  unit  stress  values  in 
column  (2)  are  illustrative  working  unit 
stresses  in  bending.  They  are  values  designated 
by  notations  fe  and  ff  Percentages  and  stress 
values  given  are  maximum  that  can  occur  in 
individual  zones  without  exceeding  allowable 
working  unit  stresses.  Values  in  zone  one  are 
identical  to  those  values  in  column  (2)  since 
here  values  are  100  percent. 

In  a  glued  beam  we  may  vary  cross  section 
instead  of  grades  and  thus  keep  bending  stress 
constant.  Percentage  stress  variation  values 
given  in  Table  3  may  also  be  used  as  area  vari¬ 
ations  for  constant  stress  in  all  zones.  Constant 
stress  cross  sections  with  material  at  center  of 
beam  and  with  material  at  sides  of  beam  are 
illustrated  in  Figs,  le,  f. 

As  we  consider  the  length  of  a  beam  we  find 
that  maximum  zone  stresses  as  explained  really 
occur  at  only  certain  critical  points  of  maxi¬ 
mum  moments  in  the  center  for  length,  and 
then  reduce  to  zero  at  supports  or  inflection 
points. 

In  continuous  beams  the  stress  in  laminations 
change  from  compression  to  tension  and  from 
tension  to  compression  as  we  go  along  beam 
and  change  sign  of  moment.  Other  areas  may 
be  low  or  zero  stress  sections.  Change  of  stress 
for  length  as  well  as  for  cross  section  zones 
may  be  taken  into  account  in  allocating  mate¬ 
rial,  scarfs,  or  defects.  Bending  stresses  are 
applied  in  design  of  glued  members  as  for 
solid  timbers. 

Stress  variations  for  zones  as  given  herein 
apply  only  to  bending  action.  All  laminations 
and  entire  member  must  also  be  suitable  to 
resist  shear  and  deflection  actions. 

Space  does  not  permit  descriptions  of  lum¬ 
ber,  glues,  nor  laminating  processes  in  this 
article.  Excellent  material  on  these  items  may 
be  found  in  (9)  through  (21)  of  the  refer¬ 
ences  dted.  Comparative  sizes  of  glued  and 
solid  timbers  to  comparative  working  stresses 
are  given  in  Table  4. 
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5.  Supplement  No.  2  to  Miscellaneous  Publi¬ 
cation  No.  185 — ^June,  1948,  Bulletin  No. 
R1715— FPL. 

6.  Grading  and  Dressing  Rules  of  Lumber. 
SPA-NHLA-NLMA-WCLA-WPA  and 
others. 

7.  National  Design  Specification.  1944  Re¬ 
vised,  1948.  FPL. 

8.  Behavior  of  Wood  Under  Continued  Load¬ 
ing— 1947— FPL. 

9.  Laminating  of  Structural  Timber  Products 
by  Gluing.  Revised  1948 — FPL. 

10.  Glued  Laminated  Wooden  Arch — FPL — 
1939. 

11.  The  Gluing  of  Wood,  Bulletin  No.  1500 
—FPL. 

12.  Tests  of  Glued  Laminated  Wood  Beams 
and  Columns  and  Development  of  Prin¬ 
ciples  of  Design,  Bulletin  No.  R1687, 
1947— FPL. 

13.  Engineering  Laminates — 1949 — ^JWS. 

14.  Timber  Engineers  Handbook — 1948 — 
JWS. 

15.  Modern  Timber  Design — 1948 — JWS. 

16.  Southern  Pine  Manual,  1948 — SPA. 

17.  Modem  Timber  Engineering,  1949 — SPA. 

18.  Uniform  Building  Code,  1949 — PCBCX3. 

19.  Building  Code — 1949 — NBFU. 

20.  Stmctiiral  Live  Loads,  1948 — ^TSI. 

21.  Glued  Laminated  Specifications,  1949 — 
TSI. 


Table  4. — Comparative  Sizes  of  Glued  and  Solid  Timbers  to  Recommended  Working  Stresses 


Member 


Load  Value 


Solid  Size 
Inches 


Glued  Timber  Size 
Inches 


30  foot  beam _  800  lb.  per  lin.  ft.  10  by  20 

16  foot  column _  167,  000  lb.  liJ4  by  11J4 

16  foot  column _  215,0001b.  — . . 

Compression  truss  chord _  800  kips  8-6  by  16 

Tension  truss  chord _  810  kips  0-6  by  12 


7  by  19H 
ii'briiM"' 

2-6  W  by  14! 
2-6Q  by  14! 
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(6) MA TERIAL  A T  CENTER  (  f)MA TER! A L  AT  SIDES 

Fig.  1. — Constant  stress  beam  sections. 


Key  to  Fig.  1  Abbreviations 
b  Breadth  of  member  in  inches 
c  G)mpression  with  grain  working  unit  stress 
in  psi 

d  Depth  of  member  in  inches 


e  Eccentricity  of  member  in  inches 
fe  Bending  Compression  WUS  in  psi 
ft  Bending  Tension  WUS  in  psi 
R  Radius  of  curvature  in  inches 
t  Thidcness  of  lamination  in  inches 
T  Axial  tbrust  in  pounds 
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Abbreviations 

1.  CRA — California  Redwood  Association, 
403  Montgomery  St.,  San  Francisco,  Cali¬ 
fornia. 

2.  FPL — Forest  Products  Laboratory,  Madi¬ 
son  3,  Wisconsin. 

3.  JW5 — ^Jchn  Wiley  &  Sons,  Inc.,  New 
York,  N.  Y. 

4.  NBPU — ^National  Board  of  Fire  Under¬ 
writers,  83  John  Street,  New  York  7,  N.  Y. 

3.  NLMA — ^National  Lumber  Manufacturers’ 
Association,  1319  Eighteenth  St.,  N.  W., 
Washington,  D.  C. 


6.  NDS  —  National  Design  Specification — 

•  NLMA. 

7.  NHLA — ^National  Hardwood  Lumber  As¬ 
sociation,  39  East  Van  Buren  St.,  Chicago, 
Illinois. 

"8.  PCBOC — Pacific  Coast  Building  Officials 
Conference,  124  West  Fourth  St.,  Los 
Angeles,  California. 

9.  SOD — Superintendent  of  Documents, 
Washington,  D.  C. 

10.  SPA — Southern  Pine  Association,  Canal 
Building,  New  Orleans,  La. 

11.  rS/— Timber  Structures,  Inc.,  P.  O.  Box 
3782,  Portland,  Oregon. 
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Glued  Laminated  Wej-Weld  Fr^es 

Axel  V.  Pedersen 

Prtsidtnt,  Economy  Farm  Structures,  Los  Angeles,  Calsfomia 


ntins  a  gusMt  to  i<^  a  (tod  or  column  to  a  rafter  or  beam,  a  fraina  can  ba  formed  with  any  detited 
ootline.  The  auaaet  ia  teped  with  two  or  more  dopina  ararfs  in  each  cod,  which  fit  into  aimilar  acarfa  in 
one  e^  of  me  r^cr  or  atnd.  Whereas  ordinary  ■Mica  laminated  conatruction  does  not  pcimit  a  radios  of 
leas  10  feet  at  the  eaves  when  1-inch  thick  (nominal)  laminations  are  used,  the  Wej-woid  frames  permit 
the  radius  to  be  as  small  as  12  inches  when  the  desim  u  on  the  principle  of  a  three-hinge  arch.  All  joints 
are  scarfed  and  glued  in  this  frame  so  as  to  develop  the  full  strength  of  wood  into  plywood.  The  gussets  are  •> 
usually  made  from  thick  structural  plywood,  and  me  studs  and  nfters  from  commercially  available  siacs  of 
lumber.  Frames  can  be  made  in  dear  spans  up  to  fiO  feet  and  can  be  spaced  from  2  to  20  feet  on  centers 
with  height  of  tide  walls  up  to  20  feet.  These  frames  offer  a  practical  solution  to  the  problem  of  usiim  stock 
aiae  lumber  and  plywood.  It  has  beoi  found  that  these  frames  can  be  produced  more  economically  tun  the 
atan^ud  ^ued  laminated  wooden  arch. 


Historical  Background 

Glued  laminated  wood  construction  has 
’  been  in  use  for  more  than  40  years  in 
building  construction.^  The  technique  in 
producing  such  material  has  been  greatly  im¬ 
proved  during  the  last  10  years,  but  the  diffi¬ 
culty  in  bending  material  to  a  sharp  radius 
makes  it  unecfXKxnical  to  use  where  small 
radii  are  desired. 

Ordinary  glued  laminated  construction  does 
not  permit  a  radius  of  less  than  10  feet  at 
eaves  when  1-indi  nominal  thick  laminations 
are  used.  It  is  desirable  in  most  buildings  to 
have  walls  vertical,  roof  line  sloping,  and  with 
as  mu(ffi  clear  headroom  inside  of  building  as 
possible. 

The  Wej-Weld  frames  described  in  this 
paper  permit  the  radius  to  be  as  little  as  12 
in^es  at  eaves  when  the  design  is  on  principle 
of  a  three-hinge  arch,  and,  if  they  are  designed 
as  rigid  frames,  it  is  up  to  the  designer’s  ability 
to  develop  a  finished  product  having  sharp 
corners  or  the  shape  set  %  architectural  require¬ 
ments. 

There  has  been  developed  a  frame  made 
from  thin  layers  of  plywood  with  butt  joints  in 
the  individual  layers;  but  this  type  depends  for 
its  competitive  cost  on  waste  materials  and  it 
will  not  have  the  same  stiffness  as  is  possible 
witfi  Wej-Weld  frames  where  all  joints  are 
scarfed  and  glued  so  as  to  develop  the  full 
strength  of  wood  into  plywood. 

*  Wilson,  T.  R.  C.  The  Glued  Laminated  Wooden 
Arch.  U.  S.  D.  A.  Tech.  Bull.  691  (1939). 


(jeneral  Description  of  Wej-Weld  Frames 

As  shown  on  Fig.  1-a  and  1-b,  the  gusset  is 
used  in  joining  the  stud  or  column  to  rafter  or 
beam  and  thus  forming  the  frame,  giving  the 
desired  outline  of  the  frame.  It  may  slope  one 
way  only,  as  shown  on  Fig.  1-a,  or  slope  from 
eave  to  peak  (Fig.  1-b).  Gussets  are  generally 
made  from  thick  plywood*  or  they  may  be 
formed  from  bending  and  gluing  very  thin 
laminae  to  give  the  desired  shape. 

Studs  and  rafters  are  shaped  from  commer¬ 
cially  available  sizes  of  lumber.  They  may  be 
of  different  species  of  wood,  receive  different 
treatment,  and  dimensions  may  be  different. 
Finish  of  stud  may  be  rough  and  the  rafter 
finished,  and  either  may  be  of  different  shape. 

The  gusset  is  shaped,  as  shown  on  Fig.  1, 
with  two  or  more  sloping  scarfs  in  each  end 
and  they  fit  into  similar  scarfs  in  one  end  of 
the  rafter  or  stud.  When  this  joint  is  set  with 
glue,  the  stresses  from  loads  will  transfer  from 
one  individual  piece  to  the  other. 

Plyw(x>d  made  from  ^-inch  thick  lamina¬ 
tions  in  thicknesses  varying  from  ^  inch  to 
2%  inches  are  the  dimensions  generally  avail¬ 
able. 

Thickness  of  lumber  is  generally  1,  2,  or  3 
inches,  seasoned  to  the  proper  moisture  con¬ 
tent.  Frames  have  been  made  in  clear  spans  up 
to  60  feet  and  can  be  spaced  from  2  to  20  feet 
on  centers  with  height  of  side  walls  up  to  20 
feet. 


■Douglas  Fir  Plywood  Association.  Technical  Data 
on  Plywood.  Tacoma,  Washington. 
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Manufacturing  Methods 

In  order  to  obtain  the  best  results,  lumber 
must  be  finish  planed  on  a  cabinet-type  planer 
to  the  exact  thickness  of  the  plywood. 

The  general  procedure  in  gluing  must  follow 
the  Manual  prepared  by  the  Forest  Products 
Laboratory.*  Scarfs  for  both  plywood  and 
lumber  are  made  on  a  DeWalt  saw  with  chain 
feed  in  order  to  obtain  the  required  finish  on 
scarfed  surfaces.  This  operation  is  shown  in 
Fig.  2. 


Fig.  2. — Scarfing  operation  with  DeWalt  saw. 


In  widths  of  materials  less  than  10  inches 
nominal  size,  it  is  sufficient  to  have  only  two 
opposing  scarfs  but  with  wider  material  it  is 
found  desirable  to  have  either  three  or  more 
in  order  to  minimize  the  cupping  at  the  scarf 
joint. 

The  actual  gluing  operation  may  be  per¬ 
formed  near  the  site  of  installation  as  the  total 
required  pressure  of  gluing  the  scarfed  pieces 
to  develop  glue  joints  of  sufficient  strength 
very  seldom  exceeds  15  tons.  A  scarfed  piece 
of  plywood  and  the  method  of  clamping  is 
shown  in  Fig.  3. 

Engineering  Design  and  Testing  of  Frames 

In  order  to  ascertain  whether  design  of 
frames  could  be  made  on  principles  of  design 
found  satisfactory  for  other  materials,  a  test 
program  was  undertaken.  Two  test  arches  were 

*Knauss,  A.  C  and  Selbo,  M.  L.  Laminating  of 
Structural  Wood  Products  by  Gluing.  Forest  Products 
Laboratory  Report  No.  D  1635  (1948). 


placed  4  feet  on  centers,  and  they  were  loaded, 
as  shown  on  Fig.  4  in  successive  loadings  start¬ 
ing  with  the  dead  load  of  5  pounds  per  sq.  ft. 
and  up  to  a  total  loading  of  115  pounds  per 
sq.  ft. 


a 


Fig.  3. — Gusset  plate  scarfed  for  assembly  and 
assembly  press  in  background. 

Fig.  5  shows  the  outline  of  arch  shape  and 
the  deflections  at  various  points.  When  loads 
were  removed  after  24  hours  full  loading,  there 
was  one  hundred  percent  recovery  and  it  was 
found  that  accepted  engineering  principles 
would  govern  design. 

Present  and  Possible  Uses  for  Wej-Weld 
Arch  Frames 

During  the  past  2  years  many  of  these 
frames  have  been  installed  in  buildings  in 
California.  Fig.  6  shows  the  interior  of  a 
school  building  of  24-foot  span.  The  building 
is  of  prefabricated  type  with  11  foot  height  at 
eaves  and  with  a  1:12  slope  of  roof.  Arches 
are  spaced  on  4-foot  centers. 

Fig.  7  shows  a  church  building  located  in 
Los  Angeles,  California.  Arches  are  spaced 
on  8-foot  centers  and  the  roof  is  of  2-inch  thick 
sheathing,  sloping  8:12.  Spans  of  arches  are  31 
feet. 

Fig.  8  shows  an  installation  of  the  open-shed 
type.  This  planing  mill  has  a  40-foot  span  with 
a  5-foot  overhang  on  each  side.  The  frames  are 
spaced  on  20-foot  centers.  Total  coverage  of 
the  roof  is  2,500  square  feet. 
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Fig.  8. — Planing  mill  showing  overhang. 


Numerous  installations  have  been  made  for 
general  utility  buildings  for  industrial  and 
farming  purposes,  using  various  types  of  wail 
and  roof  covering,  such  as  wood,  aluminuni, 
steel,  and  prefabricated  panels,  or*  any  conven¬ 
tional  type,  including  plastered  walls.  The 
rigid  frame  is  being  accepted  in  house  construc¬ 
tion,  especially  modem  types  of  design  where 
open  ceiling  and  large  window  openings  are 
desired. 

Conclusions 

The  Wej-Weld  frames  are  a  practical  solu¬ 
tion  to  the  problem  of  using  stb^  size  lumber 
and  plywood,  as  suggested  in  Item  3  of  Addi¬ 
tional  Research  Needed,  from  Constmction 
Design  Problems,  as  outlined  in  Forest  Prod¬ 


ucts  Research  Guide.*  Due  to  the  application 
of  the  scarfing  method,  rolling  shear  is  of  very 
little  importance,  and  it  is  possible  to  employ 
standard  engineering  principles  in  design. 

Furthermore,  with  a  positive  glue  joint  and 
all  materials  following  the  same  modulus  of 
elasticity,  stiffness  in  various  parts  of  the 
frames  can  be  determined. 

The  design  can  be  made  so  it  becomes  easy 
to  assemble  the  various  parts  at  the  site  of  erec¬ 
tion  with  the  use  of  nails,  or  any  other  simple 
method  of  pressure  producing  fasteners.  In 
practice  it  has  been  found  that  these  frames 
can  be  produced  more  economically  than  the 
standard  glued  laminated  wooden  arch. 

*  American  Forest  Products  Industries.  Forest  Prod¬ 
ucts  Research  Guide  in  Fundamental  and  Applied 
Research.  Washington,  D.  C. 
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Discussion 

E.  George  Stern  (Virginia  Polytechnic  Insti¬ 
tute)  :  The  Wej-Weld  frame  is  a  development 
of  immediate  appeal  to  the  designing  engineer. 
In  order  to  design  Wej-Weld  frames  as  rigid 
frames,  however,  the  stiffness  factors  for  the 
frame  joints  have  to  be  known,  ^ince  in  the 
scarfed  joint  the  fiber  directions  of  the  over¬ 
lapping  frame  member  and  plywood  gusset  vary 
with  the  veneer  layer  of  the  plywood  gusset  and 
since  the  strength  of  the  frame  member  nuy 
not  be  fully  developed  by  the  plywood  gusset, 
it  is  necessary  to  know  t^  actual  fixity  factors 
of  the  gusset-plate  joint  in  order  to  determine 
the  efficiency  of  the  rigid  frame  on  the  basis  of 
scarfed  joints  between  timber  and  gusset. 

Thus,  it  is  desirable  that  the  fixity  factors 
for  the  basic  scarfed  joints  between  timber 
member  and  plywood  gusset  be  established  and 
made  available  to  the  designing  engineer  and 
architect.  When  such  data  will  be  available, 
the  Wej-Weld  frame  should  be  widely  used 
by  designing  engineers  and  architects  because  of 
its  simplicity  in  both  design  and  construction. 

Mr.  Pedersen:  The  modulus  of  elasticity  for 
Douglas  Fir  and  Douglas  Fir  plywood  is  the 
same  according  to  the  Wood  Handbook,  and 
the  stiffness  of  the  frame  the  same  at  all  points. 

I  believe  that  it  has  not  been  called  to  your 
attention,  that  the  method  of  joining  die  wood 
to  the  plywood  is  superior  to  the  straight  scarf. 
The  joint,  due  to  its  self  aligning  ability,  will 
be  strong  enough  to  carry  the  usual  dead  load 
of  the  structure  without  any  fastener.  Glue  will 
fix  the  joint  in  the  desired  position  and  unite 
all  pieces  to  act  as  a  frame.  Failure  occurs  gen¬ 
erally  in  rolling  shear  in  plywood  near  the 
joint,  with  no,  or  only  slight,  separation  at  the 
edges  of  the  joint. 

D.  E.  Kennedy  (Ginadian  Forest  Products 
Laboratory)  :  I  would  like  to  point  out  that  the 
proof  loading  placed  on  Mr.  Pedersen’s  Wej- 
Weld  frames  was  left  in  place  for  only  24 
hours.  G)mpared  with  the  test  made  on  the 
arch  in  Ottawa  this  test  might  be  less  severe 
even  though  the  proof  load  was  113  p.s.f.  com¬ 
pared  with  94  p.s.f.  because  of  the  long-term 
loading  effect.  Tlie  94-pound  load  was  left  on 
the  Ottawa  arch  for  ab^t  6  months. 


Mr.  Pedersen  is  to  be  congratulated  on  his 
development  of  an  arch  which  can  carry  stress 
around  corners  without  the  necessity  of  making 
sharp  bends  in  the  lamination.  It  is  definitely 
desirable  to  avoid  the  bending  of  wood  wher¬ 
ever  possible. 

The  only  possible  objections  to  Mr.  Peder¬ 
sen’s  design  are  purely  theoretical  in  nature. 
All  of  the.  load  is  carried  through  two  scarf 
joints  only  and  the  failure  of  one  of  these 
might  result  in  complete  collapse  of  the  struc¬ 
ture.  'This  contrasts  with  conventional  glued 
laminated  constmction  in  which  the  failure  of 
one  scarf  joint  would  seldom  reduce  the 
strength  of  the  member  to  a  dangerous  value. 
However,  experience  and  testing  are  always  su¬ 
perior  to  straight  theory,  and  if  Wej-Weld 
frames  prove  their  worth  in  service,  they  will 
undoubtedly  fill  a  need  for  attractive,  eco¬ 
nomical  roof  supports  for  many  types  of  build¬ 
ings. 

Mr.  Pedersen:  'There  is  no  doubt  that  the 
test  made  at  Ottawa  was  more  severe  than  our 
test;  but  we  were  mainly  concerned  about  prov¬ 
ing  our  method  of  design  in  relation  to  de¬ 
flection. 

It  appears  that  I  have  overlooked  to  point 
out  the  novel  method  to  join  the  wood  to  the 
plywood.  'The  nature  of  the  multiple  scarf  is 
such  that  it  is  able  to  sustain  the  ordinary  dead 
load  without  any  fastener  or  glue.  'The  joint  is 
easy  to  inspect  at  all  times,  and  as  we  are  not 
subjecting  the  scarf  to  bending  stresses,  as  is 
the  case  with  curved  laminations,  we  can  de¬ 
pend  on  the  joint. 

M.  B.  Wells  (Aetna  Plywood  and  Veneer 
G)mpany) :  The  scarfed  glued  joints  in  these 
frames  are  required  to  resist  bending  moments 
that  are  practically  in  the  plane  of  the  joints. 
Under  such  conditions  the  maximum  shearing 
stresses  occur  on  the  areas  farthest  from  the 
center  of  gravity  of  the  area  of  the  joint.  When 
the  amount  is  excessive,  failure  may  be  ex¬ 
pected  to  start  on  these  outer  areas  and  progress 
toward  the  center  until  the  whole  joint  has 
failed.  'The  wood  being  joined  is  stressed  in 
tension  or  compression  parallel  with  the  fibers, 
in  shear  parallel  with  the  fibers,  in  rolling  shear 
perpendicular  to  the  fibers,  and  in  combina¬ 
tions  of  these  stresses  in  intermediate  areas. 
There  are  not  enough  published  experimental 
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data  on  these  problems  to  permit  an  exact 
analysis. 

Similar  problems  arise  in  designing  wood 
trusses  made  up  of  members  joined  by  glued 
plywood  gussets  at  the  joints.  Nails  are  often 
used  to  give  the  necessary  pressure  on  the  glue. 
Loads  deflect  these  trusses  causing  secondary 
stresses,  bending  in  the  members  and  shearing 
moments  in  the  glued  joints,  in  addition  to  the 
direct  stresses.  Such  construction  is  being  used 
on  small  trusses.  No  failures  have  come  to  our 
attention. 

Mr.  Pedersen:  It  is  very  true  that  there  are 
not  enough  published  data  available  about  ply¬ 
wood  properties. 
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The  statements  made  are  correct;  but  the  de¬ 
velopment  of  the  scarf  joint  is  what  makes  it 
possible  for  us  to  make  the  frames. 

Our  tests  have  proven  this  type  of  joint  to 
be  superior  to  the  simple  scarf  joint.  Tests  of 
recent  date  with  loadings  up  to  83  p.s.i.  gave 
failure  in  plywood  in  rolling  shear;  but  the 
joint  itself  was  better  than  90  percent  intact. 

The  joint  we  employ  is  very  simple  to  assem¬ 
ble.  It  locks  itself  and  it  is  possible  to  inspect 
such  joints  at  all  times. 

Our  testing  program  has  been  carried  over 
a  period  of  the  past  five  years,  and  we  have 
found  it  difficult  at  times  to  procure  properly 
manufactured  plywood. 
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Radio  Frequency  Heating  as  Applied  to 
Furniture  Manufacture 

William  £.  Berkey 

Electronic!  Supervisor,  Northwestern  District  Engineering  &  Service 

and 

Paul  D.  Newhouse 

Consulting  and  Application  Engineer,  Northwestern  District  Engineering  &  Service 
Westinghouse  Electric  Corporation,  Chicago,  Illinois 


The  need  for  specialization  in  the  furai-  special  electrode  arrangements  be  provided  for 
hire  industry  is  emphasized  by  the  com-  the  various  types  of  glue  joints.  An  experi- 

petitive  market  now  developing.  The  mental  investigation  was  made  in  the  labora- 

furniture  manufacturer  is  called  upon  to  pro-  tory  to  determine  the  maximum  gluing  rates 
duce  better  products  cheapef  and  faster.  New  with  typical  basic  glue  joints.  Two  general 

production  tools,  methods,  and  nuchines  play  electrode  shapes  were  used  as  shown  in  Fig.  1. 

an  essential  part  in  any  modernization  program  A  typical  arrangement  for  one  test  is  also 

because  of  the  continued  high  cost  of  labor  and  shown  in  Fig.  1. 

raw  wood  stock.  Radio  frequency  generators 
have  proven  to  be  a  useful  production  tool  for  t 

cost  reduction  in  increasing  numbers  of- gluing 
operations  in  the  furniture  industry.  The  pur-  * 

pose  of  this  paper  is  to  assist  the  furniture 
manufacturer  to  decide  whether  a  particular 
gluing  operation  is  economically  justified  or  n 
physically  adaptable  for  RF  heating.  U 

If  the  gluing  operation  in  question  is  one 
that  can  ^  handled  by  a  standard  RF  wood-  ^ 
gluing  press,  the  press  maker  will  furnish  a 
cost  proposal  so  that  the  economics  can  be 
studied.  Standard  presses  are  now  built  for  flat 
stock  gluing  using  10-kw.  size  generators. 

Most  assembly  gluing  operations  are  not 
adaptable  to  standard  presses.  Many  high  pro¬ 
duction  assembly  items  justify  the  application 
of  smaller  RF  generators,  such  as  the  2-  to 
3-kw.  sizes.  G)st  information  on  suitable  elec¬ 
trodes,  holding  jigs,  and  pressure  clamps  can 
be  obtained  from  either  the  press  or  RF  gen¬ 
erator  manufacturers.  The  information  needed 
to  analyze  a  wood  gluing  problem  effectively 
has  been  discussed  elsewhere.' 

Assembly  gluing  is  a  relatively  new  field  for 
RF  heating.  Fabrication  of  the  many  different  The 
products  in  the  furniture  industry  requires  that  maple 

_  *  Information  Required  to  Analyze  RF  Wood  Glu- 
tng  Applications,  Woodworking  Digest.  April,  1948,  ^ 

p.  67.  was  a 
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power  level.  The  electrodes  were  parallel  tuned 
with  a  7-tum  coil  of  ^-inch  copper  tubing, 
4  inches  long  and  inch  in  diameter.  An 
RF  voltmeter  indicated  the  electrode  voltage. 
The  circuit  was  adjusted  for  the  maximum  RF 
voltage  that  could  be  maintained  without  arc¬ 
ing.  The  minimum  heat-time  cycle  was  deter¬ 
mined  for  approximately  90  percent  glue  set 
as  determined  by  the  wood  tear  after  breaking 
the  sample. 
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of  the  joint.  An  example  is  in  the  assembly 
gluing  of  wooden  luggage  cases  where  the  top 
and  bottom  are  glued  to  the  ends  and  sides  in 
a  single  operation.  In  this  case  the  inside  is  not 
accessible  for  electrode  insertion.  The  optimum 
electrode  arrangements  found  when  both  elec¬ 
trodes  must  be  external  are  shown  in  Fig.  3. 

The  optimum  heating  times  and  electrode 
voltages  determined  for  the  different  joints 
during  the  tests  are  listed  in  Table  1.  The 


e: 

F 

6 

H 

DADO 

RABBIT 

MORTISCtTrHON 

Fig.  2. — Best  electrode  arrangements  for  various  joints. 


A  study  of  the  effect  of  frequency  indicated 
that  15  MC  was  about  optimum,  as  5  MC  re¬ 
quires  higher  voltage  to  glue  the  joints  in 
equivalent  time  and  increases  the  tendency  to 
arc.  Thirty  MC  frequency  delivers  a  larger  pro¬ 
portion  of  the  RF  power  into  heating  the  wood 
adjacent  to  the  electrodes  and  is  therefore 
wasteful. 

The  best  electrode  arrangement  for  each  type 
of  joint  tested  is  shown  in  Fig.  2.  In  eadi  case 
an  attempt  was  made  to  provide  a  high  concen¬ 
tration  of  power  in  the  glue  line.  Often  it  is 
not  practical  to  place  an  electrode  on  each  side 


power  level  used  in  these  tests  was  low  for  the 
10-kw  generator  and  therefore  great  accuracy 
was  not  obtained.  The  actual  production  values 
ranged  from  60  to  130  square  inches  of  glue 
line  per  kw-minute.  An  average  value  of  100 
square  inches  of  glue  line  per  kw-minute  can 
be  used  for  rough  estimates  of  power  required 
in  typical  assembly  gluing  applications.  A  few 
observations  and  conclusions  were  made  dur¬ 
ing  the  tests. 

(1)  The  electrode  voltages  should  not  ex¬ 
ceed  those  shown  in  Table  1. 
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Fig.  3. — Best  arrangements  for  external  electrodes. 


(2)  The  excess  glue  that  squeezes  out 
should  be  wiped  off  before  the  applica¬ 
tion  of  RF  power  if  possible. 

(3)  The  electrodes  should  be  placed  in  di¬ 
rect  contact  with  the  glue  line  or  be 
located  as  close  as  practical. 

(4)  The  glue  should  be  spread  uniformly 
over  the  joint. 

(5)  The  electrodes  should  be  isolated  from 
other  metal  parts  to  prevent  field  dis¬ 
tortion  and  power  loss. 


(6)  Kiln  dried  varnished  maple  wood  has 
proved  to  be  a  convenient  practical  ii^ 
sulating  material  for  electrodes  and 
fixtures. 

A  few  tests  were  made  in  the  laboratory  to 
determine  the  effectiveness  of  stray  field  gluing 
of  veneer  to  core  stock.  The  simple  electrode 
structure  shown  in  Fig.  4  was  used  to  obtain  a 
measurement  of  the  effectiveness  of  RF  stray 
field  heating  for  use  in  gluing  veneer  to  soft 


Table  1. — Glue  Joint  Investigation 
10  kw — 13  MC  RF  Generator  at  Low  Output 

Samples:  %-inch  oak,  3-inch  wide  edge  grain  joints 

Power:  Plate  voltage  2300  volts  plate  current,  0.13  amps  freq.  =  13.3  MC 

Glue:  Urea  resin 

Production:  (60  to  130)  avg.  100  square  inches  per  kw-minute 


Type  of  Joint 

Butt . 

Butt . : . 

Dovetail _ 

Miter . 

Dado _ 

Rabbit _ 

Mortise  and  Tenon. 
IMnforced  Butt _ 

Butt . . 

Butt . 

DovetaO . . 

Miter . 

Dado _ 

Rabbit . 

Mortise  and  Tenon. 


deetrode 

Minimum 

Optimum 

Arranfement 

Heat 

RF  Eaectro< 

Refer  to  Fig. 

Cycle 

Voltage 

Seconds 

Volts 

2-A 

12 

2600 

2-B 

IS 

2600 

2-C 

16 

2600 

2-D 

16 

2600 

2-E 

16 

2600 

2-F 

16 

2600 

2— G 

18 

2500 

2-H 

20 

3000 

8-A 

17 

8000 

S-B 

17 

3000 

8-C 

17 

8000 

S-D 

20 

8600 

S-E 

17 

8000 

»-P 

17 

8000 

B-G 

20 

8000 
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pressure: 


wood  cores.  It  was  found  that  with  this 
arrangement  1/20-inch  thick  veneer  could  be 
glued  at  the  rate  of  300  to  400  square  inches 
per  kw-minute.  A  sheet  of  ^-inch  thick  cross 
banding  alone  was  glued  to  the  core  at  the  rate 
of  200-250  square  inches  per  kw-minute. 
When  gluing  both  the  cross  banding  and 
veneer  in  one  operation  to  the  core  a  rate  of 
about  200  square  inches  per  kw-minute  was 
found.  The  veneer  glue  line  set  up  was  100 
percent  while  about  75  percent  of  the  cross 
band  to  core  glue  line  was  set.  This  was  con¬ 
sidered  to  be  satisfactory  for  the  application. 
It  appears  probable  that  there  are  a  large  num¬ 
ber  of  "good”  applications  in  assembly  gluing 
of  veneer  to  core  in  the  furniture  industry. 

The  economics  of  the  application  should  be 
carefully  investigated  before  purchase  of  RF 
gluing  equipment. 

The  initial  and  operating  costs*  of  RF  gen¬ 
erators  in  dielectric  heating  applications  are 
shown  in  Table  2.  The  initial  investment  in¬ 
cludes  an  average  cost  of  the  generator,  trans¬ 
mission  lines,  simple  presses  or  clamps,  elec¬ 
trodes  and  shielding.  The  operating  cost  in¬ 
cludes  representative  1948  costs  of  electric 

•  "Dielectric  Heat,  Wood-Fabrication  Tool”,  West- 
ingbouse  Engineer,  Vol.  8,  Sept.  1948,  p.  143. 


power,  tube  replacement,  and  maintenance. 
The  duty  cycle  is  the  fraction  of  the  time  the 
generator  is  actually  in  operation  during  a 
working  day.  In  practically  all  successful  appli¬ 
cations  in  the  wood  industry  labor  savings, 
lower  unit  production  costs,  higher  production 
rates,  savings  in  floor  and  storage  space,  higher 
quality  product,  and  lower  retooling  costs  dur¬ 
ing  design  changes  have  been  realized  after  the 
installation  of  RF  gluing  equipment.  On  the 
other  side  of  the  picture,  provision  must  be 
made  for  new  wood  gluing  techniques,  includ- 
ing  jigs,  fixtures  and  electrodes,  RF  shielding 
for  safety  of  operator  and  prevention  of  un¬ 
wanted  radiation,’  regular  servicing  and  main¬ 
tenance  of  the  RF  generator  are  required  in 
successful  applications. 

The  way  RF  gluing  can  be  applied  to  speed 
production  in  furniture  manufacture  is  illus¬ 
trated  in  a  recent  application.  A  manufacturer 
of  radio  and  television  cabinets  was  faced  with 
high  retooling  costs  for  every  style  change 
which  occurred  on  an  average  every  45  days. 
One  of  the  most  expensive  items  involved  in  a 
style  diange  was  rebuilding  of  24  wedge 
clamps  which  were  used  to  glue  panel  frame 
assemblies.  The  annual  retooling  costs  were 

•  This  paper  is  written  without  reference  to  patents. 
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Table  2. — Initial  Investment  and  Operating  Cost  of  Dielectric  Heating  Installations 


Generator  Ratine 
KW— NEMA 

2 . 

6 . 

10 . 

20 . 

60 . 

100 . 


Operating  Cost — Dollars  per  Hour* 
Initial*  Duty  Cycle* 


Investment 

DoUara 

100% 

76% 

60% 

26% 

260<>-  4000 

0.124 

0.107 

0.094 

0.079 

4600-  7000 

.19 

.17 

.14 

.12 

8000-18000 

.40 

.36 

.29 

.24 

16000-35000 

.69 

.69 

.49 

.39 

40000-70000 

1.36 

1.13 

.90 

.67 

2.98 

2.61 

2.06 

1.69 

>  Total  includes  generator,  transmission  lines,  presses  or  clamps  electrodes  and  shidding. 
*  Assumes  representative  1948  costs  of  power,  tube  replacement  and  maintenance. 


$2,000  yearly  for  these  clamps  alone.  The  pro¬ 
duction  rate  was  26  frames  per  man  hour.  By 
changing  to  RF  gluing  using  a  2  kw-15  MC 
generator  and  two  home  made  press  fixtures, 
the  production  increased  to  60  frames  per  man 
hour.  The  initial  cost  of  the  RF  equipment  was 
$2,500,  The  annual  retooling  costs  will  be 
about  $300.  The  required  floor  space  was 
halved.  The  production  bottle  neck  was  re¬ 
moved.  Use  of  urea  resin  glues  reduced-  the 
cost  of  subsequent  sanding. 

RF  heating  has  proved  itself  by  the  large 
number  of  varied  and  successful  installations 
now  in  production  use,  in  the  woodworking 
industry  an<i  also  in  many  other  major  indus¬ 
tries  as  well.  Progressive  fiuniture  and  wood¬ 
working  manufacturers  cannot  afford  to  over¬ 
look  the  many  advantages  inherent  in  this  new 
production  tool. 

Discussion 

E.  R.  Bell  (Forest  Products  Laboratory) : 
Mr,  Berkey  has  outlined  the  important  consid¬ 
erations  that  determine  whether  a  gluing  op¬ 
eration  using  radio  frequency  heating  is  prac¬ 
tical.  Such  considerations  merit  careful  exami¬ 
nation.  Wooden  electrode  supports  have  been 
mentioned.  Wood  is  also  desirable  as  an  in¬ 
expensive,  easily  fabricated  material  for  frames 
and  presses  in  radio  frequency  heating. 

NeJ  Bailey  (Woodworking  Digest)  :  I  know 
we  are  all  grateful  to  Mr.  Berkey  and  Mr, 
Newhouse  and  their  Company,  the  Westing- 
house  Electric  Corporation,  for  their  presenta¬ 
tion  cm  this  vitally  interesting  subject.  The  fact 
that  the  use  of  RF  heating  in  the  woodworking 
field  is  comparatively  new  makes  it  all  the 
more  timely.  It  is  fortunate  for  us  that  there 
are  companies  sufficiently  interested  to  have 
their  engineers  do  this  development  work 
for  us. 


I  am  wondering  if  we  all  got  the  significance  ' 
of  the  fact  that  some  of  their  successful  tests 
were  made  with  oak,  which  I  have  been  told 
by  some  wood  product  manufacturers,  is  not 
adaptable  to  RF  gluing.  Also  that  kiln  dried, 
varnished  maple  makes  a  good  insulating  mate¬ 
rial. 

Other  points  that  I  believe  will  bear  em¬ 
phasis,  include  the  fact  that  press  makers  will 
furnish  cost  proposals  and  that  your  Company 
will  be  glad  to  assist  any  manufacturer  who  is 
interested  in  getting  information  on  RF  heat¬ 
ing  as  it  applies  to  his  business. 

In  your  paper,  you  spoke  of  a  most  impor¬ 
tant  material  (although  you  didn’t  refer  to  it 
as  such)  used  in  fabricating  wood  products, 
you  referred  to  it  as  glue.  Diplomatically  you 
spoke  of  "a  typical  reinforced  urea  resin  glue” 
being  used  in  all  tests.  To  clarify  this  defini¬ 
tion,  I  wonder  would  you  describe  for  us  ex¬ 
actly  what  you  did  use?  I  am  told  that  the 
adhesive  us^,  often  spells  the  success  or  fail¬ 
ure  of  a  gluing  job,  and  even  more  so  where 
RF  heat  is  used.  And  as  the  electrode  arrange¬ 
ments  you  have  described  presumably  are  for 
volume  production  applications,  the  adhesive 
becomes  even  more  important.  I  happen  to 
know  of  one  large  furniture  manufacturer  who 
still  puts  animal  glue  at  the  top  of  the  list  for 
most  of  their  gluing  jobs,  whereas  their  biggest 
competitor  doesn’t  use  it.  I  mention  this  simply 
to  bring  out  the  difference  in  opinion  in  re¬ 
gard  to  adhesives.*  I’m  sure  the  adhesive  manu¬ 
facturers  here  won’t  mind  if  you  have  to  men¬ 
tion  a  trade  name. 

M.  E.  Dunlap  (Forest  Products  Laboratory)  : 
(In  reply  to  a  question  from  the  floor.)  Maple 
and  birdi  can  be  readily  glued  by  radio  fre¬ 
quency.  'They  must  be  well  surfaced  and  used 
soon  after  machining.  It  is  important  that  the 
moisture  content  of  the  material  be  uniform 
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to  assure  even  heating  and  proper  setting  of  the 
glue  line. 

A.  H.  Bishop  (The  New  York  State  College 
of  Forestry,  Syracuse  University) :  Messrs. 
Beikey  and  Newhouse  have  done  a  swell  job 
in  the  preparation  of  their  paper  and  I  extend 
my  sincere  congratulations  to  them  both. 

Those  of  you  that  were  at  the  Chicago  na^ 
tional  meeting  will  agree  that  considerable 
progress  has  been  made  within  the  past  year 
into  the  mysteries  of  RF  gluing.  In  the  days 
gone  by,  users  of  RF  equipment  and  resin  ad¬ 
hesives  were  obliged  to  rely  on  their  own 
initiative,  but  today  we  find  resin  manufactur¬ 
ers  experimenting  with  RF  equipment  and  RF 
manufacturers  experimenting  with  synthetic 
resins.  With  that  spirit  of  cooperation,  the  use 
of  RF  gluing  is  bound  to  progress. 

On  page  337,  paragraph  3  of  your  paper  you 
refer  to  "A  typical  reinforced  urea  resin".  Is 
there  any  such  thing  as  a  typical  resin?  What 
do  you  consider  the  RF  conductivity  should  be 
for  a  typical  urea  resin  to  be  used  with  high 
frequency? 

On  page  338,  paragraph  1  of  your  paper  you 
state  that  "Minimum  heating  cycle  was  deter¬ 
mined  for  approximately  90  percent  glue  set  as 
determined  by  wood  tear."  What  is  the  cor¬ 
relation  between  wood  failure  and  the  percent¬ 
age  of  wood  cure?  It  is  my  opinion  that  the 
degree  of  polymerization  does  not  indicate  the 
strength  of  the  glue  bond  unless  the  same  resin 
and  its  formulation  is  unchanged. 

On  page  338,  paragraph  3  I  believe  the 
words  "for  this  particular  resin  glue  as"  should 
be  inserted  after  the  word  "voltages". 

On  page  339,  item  (2)  you  say  that  "The  ex¬ 
cess  glue  which  squeezes  out  should  be  wiped 
off  before  application  of  RF  power,  if  pos¬ 
sible."  It  is  often  not  possible  or  practical  to 
do  so.  Of  course,  it  is  far  better  not  to  let  it 
occur.  Excessive  squeeze  out  would  indicate 
too  heavy  a  spread. 

On  page  340,  paragraph  1  you  state  that 
"The  veneer  glue  line  set  up  was  100  percent." 
Ooes  that  refer  to  the  area  of  wood  failure  or 
to  the  degree  of  polymerization? 

On  page  340,  paragraph  3  you  speak  of 
"regular  service  and  maintenance — ."  What  do 
you  recommend  as  to  the  period  of  time  be¬ 


tween  servicing  and  maintenance  and  by  whom 
should  it  be  done? 

On  page  341,  paragraph  1  you  say  that  "Use 
of  urea  resin  glues  reduced  the  cost  of  subse¬ 
quent  sanding."  Why  any  more  so  than  any 
other  type  of  glue  or  method  of  curing? 

RF  is  not  a  cure-all.  It  is  not  supposed  to 
take  dunnage  lumber  and  convert  it  into  a 
FAS  grade.  However,  the  apparatus  and  syn¬ 
thetic  resin  adhesive  will  do  a  swell  job  if  they 
are  properly  used. 

In  Table  1,  the  glue  is  specified  as  urea 
resin,  and  on  page  338  you  state  that  it  was  a 
typical  reinforced  urea  resin  glue.  The  ques¬ 
tion  might  be  asked  if  there  is  any  such  thing 
as  a  typical  urea  resin.  Since  there  is  such  a 
variation  in  the  RF  conductivity  of  different 
glues,  would  it  not  be  advisable  to  express  in 
micro-mhos  the  actual  conductivity  of  ^is  par¬ 
ticular  urea  resin. 

In  Table  2  you  have  determined  the  operat¬ 
ing  costs  by  assuming  1948  costs  of  power. 
What  cost  per  KW.  was  assumed;  does  the 
operating  cost  as  expressed  in  dollars  per  hour 
also  include  depreciation,  and  if  so,  on  what 
basis? 

Mr.  Berkey  and  Mr.  Newhouse:  When 
wood  is  used  for  supporting  electrodes,  it  is 
necessary  that  it  be  properly  dried  so  that  it 
does  not  absorb  power.  It  has  been  our  experi¬ 
ence  that  if  the  wood  is  first  thoroughly  kiln 
dried  and  then  impregnated  with  a  silicone 
resin  while  it  is  still  hot,  satisfactory  practical 
insulation  is  obtained. 

The  adhesive  we  referred  to  was  a  com¬ 
monly  used  urea-formaldehyde  resin  which  is 
advertised  as  being  non-crazin.  By  "typical"  is 
meant  that  this  glue  is  commonly  used  in  sim¬ 
ilar  applications.  We  found  the  conductivity 
of  a  wet  sample  to  be  1020  micro-mhos  per  CC 
at  a  frequency  of  10  mega^cles. 

We  had  no  way  of  determining  the  degree  of 
polymerization.  When  we  say  that  90  percent 
glue  set  was  obtained  we  mean  that  90  percent 
wood  failure  resulted  when  the  joint  was 
broken  open. 

Our  results  are  strictly  applicable  only  to 
the  particular  glue  used.  However,  similar  re¬ 
sults  are  expected  with  other  types  of  urea  resin 
glues  and  we  prefer  not  to  give  the  manufac- 
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turer  and  number  of  this  glue  for  fear  that  it 
will  be  interpreted  as  an  indorsement  of  this 
particular  glue. 

Frequently  in  assembly  gluing,  the  glue  is 
spread  by  hand;  consequently,  good  control  is 
sometimes  di£Bcult  to  (^ain.  Any  excess  glue 
which  accumulates  on  the  electro^  should  be 
removed. 

A  suggested  maintenance  schedule  is  in* 
eluded  in  the  operating  instructions  with  each 
RF  generator,  l^ntenance  essentially  consists 
of  cleaning  the  equipment  periodically  and 
usually  inspecting  for  worn  parts.  The  fre¬ 
quency  of  cleaning  is  dependent  upon  the  plant 
operating  conditions  in  which  the  generator  is 
located.  Certain  parts,  such  as  dust  filters, 
should  be  cleaned  daily. 

Resin  glues  are  more  brittle  than  animal 
glues  and  are  therefore  much  easier  to  clean. 
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The  squeeze  out  can  be  quickly  removed  by 
scraping  or  sanding.  We  are  informed  that  the 
life  of  a  sanding  belt  is  mudi  longer  when 
urea  resin  glues  are  used. 

The  operating  costs  include  the  cost  of  power 
at  per  KW  hour,  tube  replacement  and 
maintenance.  The  reader  can  determine  the 
amortization  cost  by  referring  to  the  column 
"Initial  Investment"  and  spreading  this  ex¬ 
pense  over  a  period  of  $  or  10  years. 

In  the  example  we  have  mentioned  in  the  ' 
paper,  the  customer  bought  a  2  KW  generator 
for  $2260.  and  built  his  own  fixtures  at  a  cost 
of  less  than  $300.  Over  a  period  of  $  years 
(10,000  hrs.)  the  amortization  would  amount 
to  approximately  28^  per  hour. 

We  hope  to  discuss  some  measurements  of 
the  electrical  characteristics  of  wet  glues  at  high 
frequencies  in  a  later  paper. 
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Basic  Stresses  For  Wood* 


J.  B.  Alexander 

Forest  Products  Engineer,  Vancouver  Laboratory,  Forest  Products  Laboratories  of  Canada 

Buie  stresM*  for  western  Canadian  softwood  species  are  given  and  their  application  to  squared  timbers  of 
solid  wood,  joists,  planks,  beams,  stringers,  posts,  and  timbers  is  discussed.  Avetage  strength  properties,  u 
determined  by  extensive  laboratory  tests,  have  bem  reduced  by  applying  appropriate  faaors  for  variabilitv, 
long-term  loading  and  a  factor  for  safety.  By  applying  a  further  '  g^ade  faaor”  based  on  the  impairment  tn 
strength  resulting  from  the  defects  perrmtted  in  that  trade,  working  or  desim  stresses  are  secured.  Included 
^are  a  table  showing  basic  fiber  stresses  for  the  species  covered,  illustrations  mowing  the  variation  in  strmgth 
%A  Douglu  fir,  and  data  on  the  relation  of  basic  stress  to  duration  of  maximum  load. 


Introduction 

ROM  time  immemorial  man  has  used  wood 
in  some  form  or  another  to  serve  his  needs. 
It  was  among  the  first  of  structural  mate¬ 
rials  used  by  primitive  man  in  his  primitive 
world,  and  it  remains  an  indispensable  factor 
in  the  mechanised  world  of  today.  Although  its 
use  is  older  than  recorded  history,  no  scientific 
study  was  made  to  determine  basic  factors 
which  affect  the  various  physical  and  mechan¬ 
ical  properties  of  wood,  and  which  influence 
to  a  marked  degree  its  use  for  different  pur¬ 
poses,  until  this  present  century.  Trial  and 
error,  observation,  experience,  and  judgment, 
these  combined  were  the  principal  guides  to 
the  selection  of  species  and  the  dimensions  of 
timbers  for  use  in  any  particular  service. 

Timber  was  plentiful  and  comparatively  in¬ 
expensive;  labor  costs  were  low.  If  there  was 
any  question  as  to  the  load-carrying  capacity 
of  a  given  member,  one  of  greater  dimensions 
was  prepared  and  used.  However,  rule-of- 
thumb  methods  of  design  became  outmoded; 
timbers  became  more  expensive;  labor  costs 
rose — all  of  which  added  up  to  a  need  for 
more  scientific  adaptation  of  the  timber  avail¬ 
able  to  the  particular  use.  This  situation  de¬ 
manded  detailed  scientific  study  of  the  physical 
and  mechanical  properties  of  wood  in  order  to 
provide  dependable  data  for  technical  men 
generally,  and  for  structural  designers  in  par¬ 
ticular.  As  all  structural  timbers  contain  s<xne 
or  all  the  natural  characteristics  (or  defects 
insofar  as  structural  strength  is  concerned) 
which  affect  the  mechanical  properties  of 
wood,  the  basic  factors  to  be  determined  are 
the  physical  and  mechanical  properties  of 

•  Presented  by  title  only. 


clear  wood,  that  is,  wood  which  contains  no 
visible  defects  which  might  affect  these  prop¬ 
erties.  Having  made  such  determinations  the 
investigations  can  be  extended  to  structural- 
size  timbers  in  order  to  assess  the  effect  of  the 
various  defects,  or  combinations  of  defects, 
upon  the  strength  of  clear  wood.  Working 
stresses  can  then  be  determined  for  any  given 
species  and  any  given  grade,  by  using  the  de¬ 
tailed  grade  specification  and  applying  proper 
reduction  factors  to  the  strength  values  for 
clear  wood.  Thus  it  will  be  recognized  that 
the  foundation  for  all  working  stresses  for  any 
species  is  the  strength  value,  determined  by 
standard  test  procedure,  of  the  clear  wood  of 
that  species. 

Basic  Stress 

Basic  stress  may  be  defined  as  the  working 
stress  for  clear  wood.  It  is  considerably  less 
than  the  average  value  for  a  species  which  has 
been  determined  by  laboratory  tests,  as  it  must 
take  account  of  the  natural  range  in  strength 
values  from  least  to  greatest  for  the  particular 
strength  function.  The  lower  values  of  the 
strength  range  will  exert  a  preponderating  in¬ 
fluence,  as  timbers  falling  withing  this  section 
must  be  capable  of  supporting  such  a  load  as 
will  produce  the  working  stress  and  still  have 
a  reasonable  factor  of  safety. 

Figs.  1  and  2  illustrate  the  range  in  strength 
values  for  small  clear  pieces  of  Douglas  fir  in 
green  condition  in  modulus  of  rupture,  static 
bending,  and  in  maximum  crushing  strength, 
compression  parallel  to  the  grain.  It  may  be 
noted  that  the  high  value  for  modulus  of  rup¬ 
ture  is  nearly  four  times  the  low  and  that  the 
high  value  for  maximum  crushing  strength  is 
three  times  the  low. 
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Fig.  1. — Graph  showing  range  of  values  for  small  clear  specimens  of  Douglas  fir,  green  condition, 
in  modulus  of  rupture  static  bending. 
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Kg.  3.-Di*g^  shoimg  variatiM  in  sped6c  pjg,  j.-Diagram  showing  variation  in 

gravity  mroughout  one  tree.  crushing  strength  compression  parallel  to  grain 


Fig.  4. — ^Diagram  showing  variation  in  modulus  of 
rupture  static  bending  throughout  one  tree. 


throughout  one  tree. 

All  Strength  functions  of  wood  vary  greatly, 
not  only  between  species  but  also  between  dif¬ 
ferent  trees  of  one  species  and  even  in  mate¬ 
rial  taken  from  different  sections  of  one  tree. 
Figs.  3,  4  and  3  illustrate  the  variations  found 
in  testing  one  Douglas  fir  tree  throughout  the 
commercial  length  of  the  trunk,  152  feet.  The 
lowest  strength  values  are  associated  with  ma¬ 
terial  adjacent  to  the  pith  and  in  the  top  logs. 

It  is  to  be  noted  that  there  are  no  unknown, 
undeveloped  characteristics  of  wood  which  can 
be  drawn  upon  to  increase  the  average  strength 
values  as  determined  by  testing  already  accom¬ 
plished.  Elimination  of  a  small  percentage  of 
material  by  specifications,  carefully  worded  and 
competently  applied,  will  result  in  one  of  two 
things: — 

1.  It  will  increase  the  minimum  factor  of 
safety  without  increasing  materially  the 
average  value. 

2.  It  will  permit  the  use  of  greater  basic 
stresses  without  changing  the  minimum 
factor  of  safety. 
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Mathematical  analysis  alone  is  not  the  only 
factor  which  governs  basic  stresses.  Of  equal 
importance  are  engineering  judgment  and  ex¬ 
perience  plus  a  knowledge  of  the  characteristic 
behavior  of  a  species  under  test.  The  matter 
does  not  rest  there.  Similar  engineering  judg¬ 
ment  and  experience  must  be  exercised  in  apply¬ 
ing  woridng  stresses  in  structural  design  for 
various  types  of  structures  and  for  various  con¬ 
ditions  of  service. 

Basic  Principals  Involved 

(a)  Competent  design 

(b)  Competent  fabrication 

(c)  Competent  grading 

(d)  Competent  supervision  of  construction 
and  erection 

(e)  Full  consideration  of  the  inherent  varia¬ 
bility  of  the  strength  of  wood 

(f)  Duration  of  stress  at  maximum  design 
load 

(g)  Allowable  variations  in  stress  with  vary¬ 
ing  periods  of  maximum  load 

(h)  A  reasonable  factor  of  safety 

Limitations  in  Application 

This  discussion  is  applicable  to  squared  tim¬ 
bers  of  solid  wood — ^joists  and  pla^,  beams 
and  stringers,  posts  and  timbers.  It  does  not 
apply  to  poles  nor  to  plywood  nor,  without 
variation,  to  laminated  construction.  Broad 
general  principles  are  laid  down  which  take 
account  of  the  inherent  general  factors  com¬ 
mon  to  all  species.  The  basic  stresses  can  be 
applied  with  assurance  to  develop  design 
stresses  for  structural  grades  and  to  cover  vary¬ 
ing  conditions  in  service  by  applying  proper 
multiplying  factors. 

Discussion 

The  recommended  basic  stresses  are  to  be 
used  for  solid  timbers  whether  green  or  sea¬ 
soned,  wholly  or  partially.  Thus  they  are  ap¬ 
plicable  to  timbers  when  fully  exposed  to  cli¬ 
matic  conditions.  Standard  tests  of  small,  clear 
specimens  show  marked  increases  in  some 
strength  properties  when  their  moisture  con¬ 
tent  has  beM  reduced  to  less  than  that  at 
fiber  saturation  point,  smaller  increases  in 
other  strength  properties,  and  little  increase  in 
still  others.  In  such  test  pieces  the  seasoning 
process  can  be  and  is  controlled  carefully.  No 


seasoning  checks  are  permitted  to  develop  and 
moisture  distribution  at  the  time  of  test  is  as 
nearly  uniform  as  can  be  attained  by  perfect 
seasoning  conditions. 

Although  the  wood  fibers  stiffen  and 
strengthen  during  seasoning,  it  has  been  noted 
frequently  that  defects  developed  during  the 
seasoning  period  partially  or  completely  nul¬ 
lify  this  increase  in  strength.  Che^  develop 
and  enlarge;  shakes  open  and  enlarge;  checks 
develop  at  edge  and  comer  knots ;  if  cross  grain  ^ 
is  present  serious  seasoning  checks,  which  fol¬ 
low  the  grain,  may  cause  serious  injury  on 
that  plane.  Speaking  generally  the  increase  in 
strength  with  seasoning  is  more  marked  in  joists 
and  planks  than  in  timbers  of  larger  dimen¬ 
sions.  For  this  reason  provision  has  been  made 
to  give  effect  to  such  increase  in  strength  for 
the  higher  grades  of  joists  and  planks. 

In  fixing  basic  stresses,  full  consideration  has 
been  given  to  the  diverse  factors  and  circum¬ 
stances  which,  combined,  are  the  criterion  for 
the  adequacy  of  a  structural  timber  to  support 
its  designed  load.  Not  all  these  factors  are 
susceptible  to  rigid  mathematical  analysis. 
Accordingly  basic  stresses  cannot  be  fixed  by 
this  process  alone.  Test  data  available  deter¬ 
mine  within  close  limits  the  range  of  strength 
to  be  anticipated  in  clear  wood  of  a"  species; 
exceptionally  low  density,  or  light  weight 
pieces,  can  be  excluded  by  specifications  but 
engineering  judgment  plus  experience  is  the 
best  guide  in  fixing  a  factor  of  safety  which  is 
to  be  applied  to  specific  service  conditions. 

The  basic  stresses  set  forth  in  Table  1  are 
premised  upon  the  definite  understanding  that 
they  are  maximum  for  the  service  loading.  No 
provision  is  made  for  overloads  of  either  short 
or  long  duration.  Such  overloading  must  re¬ 
sult  in  a  decreased  factor  of  safety  and  if  long 
continued  might  well  cause  structural  failure. 
To  guard  against  overloading  it  is  es:iential  to 
exercise  strict  supervision  during  the  service 
life  of  a  structure.  For  warehouses  and  similar 
structures  it  is  highly  desirable  to  post  maxi¬ 
mum  floor  loadings  on  all  floors  and  to  make 
certain  that  these  loads  are  not  exceeded. 

No  weight  should  be  given  to  the  possibility 
that  a  deficiency  in  strength  in  a  load-bearing 
timber  will  be  compensated  by  adjacent  tim¬ 
bers  having  excess  load-bearing  capacity  because 
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Table  1. — Basic  Stresses  for  Western  Canadian  Speoes 


Extreme  fiber 
in  bending  or 
pension  psrsUel 


Species  to  frmin 

pjki. 

Cedsrs 

Western  Red _  1,  SOO 

Yellow _  1,  600 

Douslss  Fir  (Coast  Type) _  2, 200 

Douglss  Fir  (Mouptiun  Type) _  1, 900 

Douflss  Fir,  Dense  (All  Types) .  2,  660 

Fir,  Amabilis _  1,  800 

Hemlock,  Western _  1, 900 

Larch,  Western _  2, 200 

Pine,  Lodgepole _  1, 800 

Pine,  Ponderosa,  Western  White _  1, 800 

Spruce,  Engelmann,  Sitka _  1,  600 


of  greater  inherent  strength  and  thus  having 
the  ability  to  relieve  the  low-strength  member. 
Many  members  in  a  structure,  such  as  columns 
and  girders,  must  support  adequately  their 
superimposed  loads  with  no  possibility  of  ex¬ 
ternal  aid.  Basic  stresses,  therefore,  should  be 
formulated  on  the  assumption:  "Individual 
timbers  must  support  adequately  their  design 
loads”. 

For  realistic  reasons  basic  stresses  are  gov¬ 
erned  by  the  strength  values  in  the  low  range 
of  representative  material  for  any  species  as 
determined  by  standard  tests.  The  minimum 
value  obtained  is  not  necessarily  the  dominant 
factor.  In  any  normal  dispersion  (and  the  sam¬ 
pling  for  range  and  quality  for  wood  does  ap¬ 
proximate  normal  dispersion  closely)  a  very 
small  percentage  of  the  total  number  of  pieces 
involved  lies  near  the  minimum  value.  It  would 
be  unfair  to  any  species  and  out  of  line  with 
good  engineering  practice  to  eliminate  from 
consideration  all  but  the  minimum  strength 
value,  and  to  base  working  stresses  solely  upon 
that. 

Common  observation  and  experience  estab¬ 
lish  the  plain  fact  that  no  factor  of  safety, 
whatever  its  magnitude,  can  guarantee  abso¬ 
lute  freedom  from  failure  in  all  circumstances. 

The  factor  of  safety  takes  into  account  and 
makes  proper  provision  for  the  natural  varia¬ 
bility  of  the  material  under  consideration  and 
assumes  competent  design,  careful  and  proper 
fabrication,  competent  grading,  competent  in¬ 
spection,  adequate  supervision  in  service,  and 
occasional  slight  overloads  of  short  duration. 
No  factor  of  safety  can  or  should  attempt  to 
compensate  for  inadequate  design,  slipshod  fab¬ 
rication,  the  substitution  of  lower  grade  or  un¬ 
graded  material,  incompetent  inspection,  or 
abuse  in  service.  It  should  be  borne  in  mind 


Mmximum 

Compreaaion 

Compreaaion 

Modulua 

longitu¬ 

perpen- 

parallel  to 

of 

dinal 

dieuiar 

grain  for 

daaticity 

ahenr 

to  grain 

d»ll  or  leaa 

in  bending 

pAi. 

pAi. 

pjai. 

p.a.i. 

120 

200 

960 

L  000, 000 

180 

260 

1,060 

1, 200,  000 

180 

820 

1,460 

1,600,000 

110 

800 

1,200 

1, 400,  000 

160 

880 

1,700 

1,600.000 

100 

220 

1,  060 

1. 100, 000 

110 

800 

1, 200 

1, 400, 000 

180 

820 

1, 460 

1,600,000 

90 

220 

960 

1,000,000 

120 

260 

1,060 

1,000,000 

120 

260 

1,060 

1, 200,  000 

that  timbers  are  graded  as  they  leave  the  saw¬ 
mill  and  that  any  subsequent  re-manufacture 
involving  ripping  or  crosscutting  will  alter  the 
initial  grade;  also  that  boring,  rabbeting,  ten¬ 
oning,  and  like  operations  may  so  reduce  the 
net  section  resisting  stress  or  so  change  the  in¬ 
tensity  of  stress  at  a  critical  section  as  to  con¬ 
stitute  a  grave  danger  to  structural  stability. 

Long  centuries  of  use  and  service  have  estab¬ 
lished  timber  in  an  assured  position  as  an  engi¬ 
neering  material  of  primary  importance.  Rule- 
of-thumb  methods  have  largely  t^en  siqjplanted 
by  methods  based  upon  sound  engineering 
principles.  Basic  stresses  are  premised  upon  the 
use  of  these  principles  by  competent  designers 
who  will  specify  stress-graded  timbers,  careful 
fabrication  and  adequate  inspection  during 
erection.  Subsequent  to  erection  wood  must  be 
protected  against  deterioration,  must  have  peri¬ 
odic  competent  inspection,  and  joints  and  fast¬ 
enings  must  be  kept  tight  in  order  to  insure 
that  every  member  in  a  structure  is  supporting 
its  design  load. 

Nothing  has  been  said,  as  y^,  concerning 
adjustments  to  meet  different  conditions  in 
service;  fimdamental  principles  alone  have  been 
discussed. 

The  responsibility  for  relating  design  as¬ 
sumptions  to  working  stresses  rests  squarely 
upon  the  designing  engineer.  His  right  to  vary 
stresses  to  suit  varying  conditions  in  accord¬ 
ance  with  his  engineering  judgment  and  experi¬ 
ence  must  be  conceded  and  recognized. 

Basic  Stresses  or  Working  Stresses  for  Clear 
Material,  Green  Condition 

The  working  stresses  shown  in  Table  1  are 
intended  to  apply  to  clear  material  of  western 
Canadian  species  when  in  green  condition. 
Average  strength  properties,  as  determined  b} 
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extensive  laboratory  tests,  have  been  reduced  by 
applying  appropriate  factors  for  variability, 
long-term  loading  and  a  factor  of  safety.  By 
applying  a  further  "grade  factor”  based  on  the 
impairment  in  strength  resulting  from  the  de¬ 
fects  permitted  in  that  trade,  working  or  design 
stresses  are  secured. 

Extreme  Fiber  Stress,  Static  Bending 

Laboratory  testing  has  determined  that  the 
average  ratio  o'*  proportional  limit  to  ultimate 
load  for  short-term  loading  of  small  clear  test 
pieces  is  approximately  nine-sixteenths. 
Although  the  ultimate  load  for  stmctural 
grades  is  less  than  for  clear  timbers,  the  ratio 
of  proportional  limit  load  to  ultimate  load  is 
of  the  order  of  two-thirds.  Although  the  pro¬ 
portional  limit  load  is  not  necessarily  the  limit 
load  for  long-term  loading,  there  appears  to  be 
close  relationship.  This  factor,  combined  with 
careful  revaluation  and  reassessment  of  test 
data,  and  the  matured  judgment  of  research 
engineers  in  the  light  of  long  experience  and 
observation  of  wood  undergoing  tests,  has  been 
accepted  as  sufficient  justification  for  an  increase 
of  ten  percent  in  old  standard  basic  stresses. 

Longitudinal  Shear 

A  large  factor  of  safety  has  been  incorpo¬ 
rated  in  the  current  design  stress  when  based 
on  laboratory  results  in  shear  parallel  to  the 
grain.  Recognition  has  been  given  to  the  neces¬ 
sity  for  providing  ample  safety  against  highly 
concentrated  stresses  and  the  inevitable  check¬ 
ing  during  seasoning.  Further  revaluation  of 
data,  has  led  to  the  conclusion  that  an  increase 
of  ten  percent  in  the  basic  stress  from  its  cur¬ 
rent  value  is  entirely  justifiable. 

Compression  Parallel  to  the  Grain 

This  basic  stress  as  shown  refers  to  short 
columns  only  as  the  unit  stress  must  be  reduced 
with  increase  in  the  ratio  of  length  to  least 
dimension  until  the  unit  load  for  a  column  with 
an  1/d  ratio  of  50  has  dropped  to  15  percent 
of  that  for ‘a  short  column.  Previous  analyses 
had  indicated  a  ratio  of  %  for  the  relation 
between  fiber  stress  at  proportional  limit  and 
maximum  crushing  strength.  It  is  known  now, 
‘as  a  result  of  including  new  data  and  further 
analysis  of  the  results,  that  this  ratio  is  less  than 
supposed,  approximately  %.  Consequently  the 


basic  stress  for  this  function  has  had  already 
its  full  complement  of  stress  and  no  increase  is 
warranted. 

Compression  Perpendicular  to  the  Grain 
Current  standard  practice  in  the  laboratory  is 
to  apply  load  to  radial  and  tangential  faces. 
There  is  measurable  difference  in  the  load  at 
elastic  limit  and  in  the  modulus'  of  elasticity, 
the  tangential  face  showing  greater  values. 
Structural  timbers  rarely  exhibit  strictly  radial 
or  tangential  grain  on  the  bearing  surface;  de¬ 
pending  on  the  section  of  the  log  from  which 
they  are  cut,  the  growth  rings’  may  intersect 
the  faces  at  any  angle  between  0®  and  90®. 
This  type  of  wood  will  reach  the  limit  of  pro¬ 
portionality  at  much  lower  unit  loading  than 
either  radial  or  tangential  material  and  its 
modulus  of  elasticity  is  markedly  less.  Wood 
supporting  a  load  in  side  compression  is  sub¬ 
jected  to  continuous  compression  of  the  wood 
fibers,  and  a  limited  overload  will  merely  mean 
slightly  greater  compression.  In  these  circum¬ 
stances,  a  factor  of  safety  approximating  one 
is  considered  adequate,  provided  the  average 
value,  as  determined  by  laboratory  tests,  is  re¬ 
duced  one-third  to  allow  for  variability.  No 
increase  in  current  design  stresses  is  justifiable, 
unless  for  material  which  will  see  service  in 
dry  conditions  at  all  times. 

Modulus  of  Elasticity 

This  is  not  a  mechanical  property  but  a 
physical  constant  which  has  been  determined  by 
computation  from  records  of  static  bending 
tests.  The  value  currently  standard  has  been 
proved  adequate  through  service  records  and 
inspections.  No  change  is  recommended  or 
warranted  for  short-term  loading.  Modification 
to  take  into  account  the  continuing  deflection 
(creep  or  plastic  flow)  which  accompanies 
loading  of  long  duration  will  be  discussed  later 
in  this  paper. 

Adjustment  of  Stresses 

Structural  timbers  will  not  always  be  used 
in  what  may  be  termed  "normal”  conditions 
for  want  of  a  better  description.  Strictly  speak¬ 
ing,  adjustments  should  be  made  on  grade- 
stresses  rather  than  on  basic  stresses.  How¬ 
ever,  the  two  are  interlinked  inseparably  so 
that  the  subject  may  be  developed  logically 
here. 
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Duration  of  Stress 

Of'  prime  importance  to  any  designer  of 
timber  structures  is  the  length  of  time  during 
which  the  individual  timbers  will  be  recpiired 
to  support  the  design  loads.  The  basic  stresses 
shown  in  Table  1,  with  the  single  exception  of 
modulus  of  elasticity  are  for  use  in  long-term 
loading  with  full  loads;  long-term  loading  is 
taken  to  mean  twenty-five  years  or  more.  Few 
structures  will, be  required  to  perform  this  ex¬ 
acting  service.  A  special,  invaluable  char¬ 
acteristic  of  wood  permits  it  to  support  over¬ 
loads  of  a  large  order  of  magnitude  for  Short 
periods  or  to  support  overloads  of  smaller 
amounts  for  longer  periods.  Designers  can 
make  good  use  of  this  feature.  Figure  6  shows 
the  relation  between  basic  stress  and  duration 
of  load  (Data,  U.  S.  Forest  Products  Lab¬ 
oratory)  . 


Factors  Which  Affect  Stress  Adjustments 

1.  Plastic  deformation  or  sag. 

2.  Moisture  reduction  (seasoning). 

3.  Density  or  specific  gravity.  • 

4.  Exposure  in  service. 

Plastic  Deformation 

It  is  a  well-recognized  fact  that  under  a 
long-continuing  load  wooden  beams  continue  to 
deflect  imtil,  in  time,  the  initial  deformation 
may  be  doubled.  Unless  the  load  is  at  or  near 
the  maximum  load  little  need  for  apprehen¬ 
sion  exists.  For  various  reasons  it  may  be  nec¬ 
essary  to  limit  the  maximum  deflection,  in 
which  case  one  of  two  courses  may  be  fol¬ 
lowed:  (a)  the  maximum  dead  load  can  be 
doubled;  (b)  the  modulus  of  elasticity  can  be 
halved  in  design.  Usually  course  (b)  is  fol¬ 
lowed  in  practice.  Regardless  of  the  procedure 
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Moisture  Reduction  (Seasoning) 

Although  marked  increase  in  wood  strength 
properties  of  small  dear  specimens  with  reduc¬ 
tion  in  moisture  below  fiber  saturation  point  is 
a  well-established  fact,  no  such  increases  are 
to  be  antidpated  for  structural  timbers.  In 
such  material  the  stifFening  and  strengthening 
of  the  fiber  is  largely,  if  not  wholly,  offset  by 
defects  which  develop  or  enlarge  during  the 
seasoning  process.  This  is  particularly  true  for 
timbers  of  large  dimensions  and  for  the  lower 
grades.  For  joists  and  planks  (material  2 
inches  to  4  inches  in  thickness)  used  in  perma¬ 
nently  dry  situations,  bending  stresses  may  be 
increased  safely  by  approximately  20  percent. 
A  similar  increase  is  justifiable  for  short  col¬ 
umns  when  built  up  of  material  4  inches  or 
less  in  thidcness  but  cannot  be  applied  to  long 
columns. 

A  marked  increase  in  strength  perpendicular 
to  the  grain  has  been  noted  for  seasoned  mate¬ 
rial;  consequently  if  maintained  in  a  perma¬ 
nently  dry  location,  a  20  percent  increase  over 
green  values  is  recommended. 

Density  or  Spedfic  Gravity 

Design  stresses  one-sixth  greater  than  basic 
stresses  have  been  in  use  satisfactorily  for  a 
long  period  for  "dense”  grades.  This  factor  is 
confirmed. 
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Exposure  in  Service 

All  basic  stresses  in  Table  1  are  premised 
upon  the  use  of  lumber  in  dry  locations,  or  in 
continuously  submerged  conditions,  where  there 
is  little  or  no  decay  hazard.  This  hazard  should 
be  taken  care  of  by  preservative  treatment,  by 
using  the  heartwo^  of  species  known  to  be 
decay-resistant,  by  proper  ventilation  and  con¬ 
struction,  or  by  some  combination  of  methods 
developed  by  experience  and  proved  successful 
in  service. 

The  object  of  the  study  and  analysis  of  all 
data  available  has  been  to  determine  basic 
stresses  which  will  be  fair  to  the  producer, 
fair  to  the  designer,  and  fair  to  the  owners  of 
structures  involved.  It  is  believed  that  struc¬ 
tures  designed  on  the  foregoing  principles, 
erected  by  competent  workmen  after  competent 
training  and  loaded  in  accordance  with  the 
maximmn  design  loads  will  comply  with  that 
masterly .  description  of  ideal  design  penned, 
strangely  enough,  by  an  eminent  lawyer  and 
judge,  Oliver  Wendell  Holmes,  in  "The  Won¬ 
derful  One-Hoss  Shay”: — 

"It  should  be  built  so  it  couldn’t  break  down 

‘Fur’,  said  the  Deacon,  ’t’s  mighty  plain 

Thut  the  weakes’  place  mus’  stan’  die  strain; 

’N’  the  way  t’  fix  it  uz  I  maintain. 

Is  only  jest 

T  maJee  that  place  uz  strong  uz  the  rest’  ”. 
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Short-Time  Creep  Tests  on  Douglas  Fir* 

Albert  G.  H.  Dietz 

Associate  Professor  of  Structural  Engineering,  Department  of  Building  Engineering  &  Construction, 
Massachusetts  Institute  of  Technology,  Cambridge,  Massachusetts 

Explonuoty  tests  ate  reMtted  in  which  the  creep  of  carefully  matched  specimens  was  measured.  These 
specimens  were  also  matched  with  satic  test  specimens  in  direct  tension,  direa  compression,  and  in  landing. 
Ihe  tests  were  desiitned  to  determine  in  a  general  way  the  creep  behavior  of  wood  over  a  range  of  stresses 
from  low  to  high.  Although  no  attempt  is  made  to  draw  any  general  conclusion,  the  tests  appeared  to  indicate 
that  in  direct  compression  creep  rates  are  very  low  below  the  proportional  limit,  that  they  are  low  in  direa 
tensioo,  and  that  brading  tension  and  compression  creep  rates  are  alM  low. 


Introduction 

N  A  previous  paper, ^  the  results  of  a  series 
of  static  tension,  compression,  and  bending 
tests  to  determine  and  to  correlate  the  stress- 
strain  relations  in  carefully  matched  specimens 
of  Douglas  fir  were  reported.  By  means  of 
cemented  electrical  resistance  wire  gages,  it 
was  possible  to  determine  the  strain  distribu¬ 
tion  across  the  depth  of  a  beam  in  bending  and 
to  determine  the  relationship  between  the  bend¬ 
ing  stress-strain  behavior  and  the  behavior  in 
direct  tension  and  direct  compression. 

In  the  series  of  tests  here  reported,  the  same 
technique  was  employed  to  measure  the  creep 
of  carefully  matched  specimens;  matched  also 
with  the  static  test  specimens  in  direct  tension, 
direct  compression,  and  in  bending.  These 
tests  were  exploratory  and  were  designed  to 
determine  in  a  general  way  the  creep  behavior 
of  wood  over  a  range  of  stresses  from  low  to 
high.  No  attempt  was  made  to  carry  out  the 
tests  over  a  very  long  period  of  time  and  the 
tests  in  all  instances  were  completed  in  approx¬ 
imately  100  to  800  hours.  The  purpose  was  to 
determine  more  than  anything  else  the  range 
of  stresses  in  which  creep  might  be  appreciable 
and,  if  possible,  the  range  of  stresses  in  which 
failure  might  be  expected  to  occur  in  a  rela¬ 
tively  short  time.  The  series  was  undertaken 
because  it  appeared  that  no  similar  work  had 
been  report^,  and,  consequently,  exploratory 
studies  appeared  to  be  indicated. 

Material 

The  material  employed  was  carefully  selected, 
even-growth,  medium-density,  straight-grained 

*  Presented  by  title  only. 

^  Stress-Strain  Relations  in  Timber  Beams  of  Doug¬ 
las  Fir,  Albert  G.  H.  Dietz.  A.  S.  T,  M.  Bulletin, 
No.  118,  1942. 


Douglas  fir.  The  specimens  were  cut  from  the 
same  planks  as  the  specimens  in  the  previously 
reported  static  tests.  Their  mechanical  proper¬ 
ties  are  summarized  in  Table  1.  Half  of  the 
specimens  were  conditioned  to  a  moisture  con¬ 
tent  of  9  percent  and  half  to  a  moisture  content 
of  24  percent.  Compression  specimens,  as 
shown  in  Fig.  1  were  square  blocks  3  inches 
in  height,  varying  in  cross  section  from  approx¬ 
imately  %  by  inch  to  approximately  by 
ly^  inches.  Tension  specimens  were  as  shown 
in  Fig.  1  and  consisted  of  members  tapered  at 
the  central  section  to  cross  sections  varying 
frmn  approximately  Vs  ^7  approxi¬ 

mately  ^  by  1  inch.  Bending  specimens  were 
beams  inches  thidc  by  5  inches  deep  and 
5  feet  6  inches  long. 

Specially  fabricated  resistance  wire  gages, 
employing  Constantan  wire  0.001  inches  in 
diameter,  were  cemented  to  the  surfaces  of  the 
specimens  as  shown.  On  the  compression  and 
tension  specimens,  the  wires  were  formed  into 
a  hairpin  shape,  inches  long.  On  the  bend¬ 
ing  specimens,  the  wires  were  stretched  out  and 
cemented  straight,  parallel  to  the  edges  as  in¬ 
dicated  in  Fig.  I,  which  shows  the  arrange¬ 
ment  and  distances  between  adjacent  gages. 
Gages  1  and  15  were  cemented  to  the  top  and 
bottom.  All  gages  on  all  specimens  were  in 
pairs  arranged  on  opposite  sides  or  edges  of 
the  test  specimens  so  that  an  average  strain  rep¬ 
resenting  the  axial  strain,  could  be  obtained. 
After  the  gages  had  been  cemented  and  the 
lead  wires  soldered,  all  specimens  were  care¬ 
fully  wrapped  in  soft  paper  and  then  sealed 
completely  in  aluminum  foil  to  prevent  any 
loss  or  gain  of  moisture  from  the  blocks  dur¬ 
ing  the  progress  of  the  test. 
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Table  l. 

Modulus  ol  Elsstieity,  10*  psi. 

Proportions! 
Limit  Stress, 
psi. 

Percentsge  of 
Ultimste 
Strength 

Ultimste 
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Et 
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70 
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\fniat  --  _ _ 
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Dry _ 
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.  . 

2.06 

1.88 

.... 

15000 
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Bending: 
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f 

Cycle  II - 
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Me 
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per  Inch 

I 

Losd,  lb. 

psL 
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•t 

0 

800 

1500 

EiTs 

0^70 

6*78 
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8500 

52.5 

1.58 

1.88 

3800 

7800 

52.5 

8.18 

8.71 
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8500 

58.0 

1.53 

1.88 

800 

0 

1500 

52.5 

0.70 

0.78 

0 

1800 

3566 

61*5 

V.AB 

1*93 

4300 

8800 

52.0 

3.61 

4.87 

4700 

9000 

58.5 

4.13 

4.93 

4300 

8800 

58.0 

3.99 

4.75 

1800 

8500 

53.0 

1.87 

2.35 

0 

... 

68.0 

0.14 

0.87 

4800 

9200 

54.0 

4.19 

5.04 

3850 

7400 

_ 

_ 

Loading  Procedure 

Compr^ion 

Groups  of  three  of  the  compression  blocks 
were  centered  between  ^  inch  thick  cold- 
rolled  steel  plates,  placed  in  a  beam-type  test¬ 
ing  machine,  and  loaded  by  means  of  steel 
spheres  and  springs.  Tlie  load  was  left  on  for 
the  desired  period  of  time  and  increased  or  de¬ 
creased  according  to  the  loading  schedule.  The 
test  was  inspected  daily,  and  if  the  load  had 
decreased,  it  was  adjusted  to  the  required  value. 
With  the  springs  employed,  it  was  found  that 
the  test  load  at  no  time  dropped  more  than  I 
or  2  percent  per  day,  and  during  the  latter  por¬ 
tions  of  the  test  the  load  usually  dropped  not 
at  all  or  only  a  small  fraction  of  a  percent. 
Twenty-four  specimens,^ half  at  9  percent  mois¬ 
ture  content  and  half  at  24  percent  moisture 
content  were  tested  in  this  manner. 

Tension 

Four  tension  specimens  at  9  percent  moisture 
content  and  four  at  24  percent  moisture  content 
were  tested  simultaneously  by  arranging  them 
in  pairs  end  to  end  and  suspending  the  four 
pairs  by  means  of  shackles  and  bolts  in  such 
a  manner  that  each  specimen  was  equally  and 
axially  loaded.  The  assemblage  was  suspended 
in  a  testing  machine  and  spring  loaded  in  a 
manner  similar  to  that  employed  for  the  com¬ 


pression  specimens.  The  assemblage  was  in¬ 
spected  daily  and  if  necessary,  the  load  was 
adjusted  if  it  had  dropped  off  over  night.  Here 
again  the  drop  in  load  was  not  more  than  1  to 
2  percent  and  usually  was  considerably  less. 

Bending 

Beams  were  loaded  at  the  third  points  by 
means  of  calibrated  springs,  which  were  placed 
in  tension  by  threaded  rods  pulled  against 
bearing  plates  which  in  turn  compressed  the 
springs.  Loads  were  applied  and  a  daily  adjust¬ 
ment  made. 

Strain  Measuring  Procedure 

Because  the  resistance  wire  gages  were  spe¬ 
cially  fabricated  for  this  purpose  and  were  not 
standard  strain  gages,  it  was  necessary  to  de¬ 
velop  a  special  strain  measuring  circuit.  This 
consisted  of  a  modified  direct-current  Wheat¬ 
stone  bridge,  in  which  the  strain  gage  formed 
one  arm  and  a  dummy  gage  or  a  ballast  the 
opposite  arm.  Changes  in  the  resistance  of  the 
strain  gage  were  measured  on  a  third  arm  of 
the  bridge.  The  sensitivity  of  the  circuit  was 
such  that  strains  of  one  hundred  thousandth 
inch  per  inch  could  be  measured  with  a  max¬ 
imum  error  of  approximately  5  percent.  The 
stability  of  these  gages  over  long  periods  of 
time  had  previously  been  checked  by  placing 
gages  on  wooden  strips  which  were  ^nt  to 
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Fig.  1. — ^Typical  compression,  tension,  and  bending  specimens. 


produce  strains  of  2  percent  in  the  gages  and  and  at  high  moisture  contents.  Only  four  low 
held  for  periods  of  8  weeks  in  a  constant  tern-  moisture  and  four  high  moisture  specimens  are 
perature  humidity  room.  The  gages  had  proven  reported  because  the  results  on  the  others  were 
to  be  completely  stable.  similar.  In  the  upper  left-hand  portion  of  the 

figure  is  shown  the  first  series  of  tests  carried 
Results  over  a  period  of  approximately  200  hours. 

Compression  Stresses  were  adjusted  upward  as  indicated  on 

Fig.  2  gives  the  results  of  creep  tests  in  the  graph  so  as  to  rise  on  specimen  No.  1,  for 
direct  compression  on  material  at  low  moisture  example,  from  690  p.s.i.  to  5300  p.s.i.  The 
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Fig.  2. — Results  of  creep  tests  in  direct  compression  on  material  at  low  moisture  and 
at  high  moisture  contents. 
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spread  at  the  lowest  stresses,  therefore,  is  from 
160  to  690  p.s.i.,  and  at  the  highest  stresses, 
from  2200  to  5300  p.s.i.  Similarly  the  spread 
on  materials  at  high  moisture  contents  is  from 
230  to  610  p.s.i.,  at  the  low  stresses,  and  at  the 
highest  strnses,  from  1450  to  3880  p.s.i. 

In  this  first  series,  the  stresses  were  adjusted 
upward  at  intervals  of  25  to  50  hours  as  indi¬ 
cated.  Failure  finally  occurred  at  196  hours  in 
specimen  No.  1  at  a  stress  of  5300  p.s.i.,  or  74 
percent  of  the  static  strength  (Table  1).  In  the 
low  moisture  specimens  (specimens  1  to  4)  the 
creep  rate  was  quite  low  except  at  the  very 
highest  stress  of  5300  p.s.i.  in  specimen  No.  1. 
Reference  to  Table  1  shows  that  this  was  the 
only  stress  which  exceeded  the  static  propor¬ 
tional  limit.  On  the  same  specimen,  the  initial 
creep  rate  at  4090  p.s.i,  was  fairly  marked,  but 
it  soon  dropped  off. 

In  the  specimens  at  high  moisture  content 
the  creep  rate  in  general  was  slightly  higher 
than  in  the  low-moisture  specimens,  especially 
in  the  initial  stages  of  each  stress  step,  and  in 
the  specimens  stressed  above  the  static  propor¬ 
tional  limit.  The  difference  in  creep  rate  below 
and  above  the  proportional  limit  was  not 
marked. 

Subsequent  to  failure  of  specimen  No.  1  two 
of  the  remaining  low-moisture  specimens  and 
all  four  of  the  remaining  high  moisture  speci¬ 
mens  were  reloaded  as  shown  in  the  second 
series  of  Fig.  2.  The  strain  gage  of  the  other 
low-moisture  specimen  was  too  badly  damaged 
to  allow  its  re-use.  In  this  series,  the  specimens 
were  loaded  directly  to  a  predetermined  value 
and  held  for  530  hours.  They  were  then  loaded 
to  a  somewhat  higher  level  as  shown  on  the 
graph  and  held  to  580  hours  at  which  time  the 
load  was  released  to  determine  the  amount  of 
residual  strain  in  the  specimens.  The  residual 
strain  varied  between  2  and  6  ten  thousandths 
upon  release.  Low-moisture  specimen  No.  2 
was  stressed  (4850  p.s.i.)  to  just  below  the 
static  proportional  limit  for  the  first  530  hours, 
and  to  above  (5300  p.s.i.)  the  static  propor¬ 
tional  limit  for  the  period  530-580  hours. 
'After  an  initial  fairly  rapid  creep  rate  at  4850 
p.s.i.,  the  creep  rate  became  very  small,  but  at 
5300  p.s.i.  it  was  appreciably  greater.  'The  test 
was  discontinued  before  failure  because  the 
residual  strain  upon  load  release  was  wanted. 
It  was  0.0006  inches  per  inch.  High-moisture 


specimen  No.  6,  although  stressed  above  the 
proportional  limit,  did  not  exhibit  any  period 
of  marked  creep.  This  was  true  of  all  high- 
moisture  specimens.  Because  the  creep  rate  in 
.all  specimens  was  low,  the  graphs  for  all  speci¬ 
mens  lie  nearly  parallel  in  spite  of  the  differ¬ 
ences  in  stress.  'The  scale  of  the  graph  does  not 
show  the  small  divergence  which  actually 
existed. 

Specimen  No.  7  was  reloaded  individually  as 
shown  in  the  third  series  and  the  load  carried 
up  as  shown.  'This  entire  loading  cycle  was 
completed  in  100  minutes  and  was  carried  out 
to  determine  what  stress  would  be  required  to 
cause  failure  in  a  specimen  which  had  already 
been  subjected  to  a  considerable  period  of 
stress  at  fairly  high  values.  The  specimen  was 
loaded  in  steps  from  2660  to  6000  p.s.i.  in  a 
period  of  35  minutes,  and  was  held  at  that 
stress  until  90  minutes  had  passed,  and  then 
was  loaded  in  three  steps  to  6050,  6100,  and 
6200  p.s.i.  (87  percent  of  static  ultimate)  at 
which  stress  it  failed  in  just  under  one  minute. 

Tension 

Fig.  3  gives  the  results  of  creep  tests  in 
direct  tension.  In  the  first  series  of  tests  four 
specimens  at  low  moisture  and  four  specimens 
at  high  moisture  contents  were  loaded  in  suc¬ 
cessive  steps  as  shown.  Failure  finally  occurred 
in  specimen  No.  4  in  a  period  of  125  hours  at 
a  maximum  stress  of  11,100  p.s.i.,  or  74  per¬ 
cent  of  the  static  ultimate  (Table  1). 

In  the  tension  series,  the  creep  rate  in  gen¬ 
eral  was  somewhat  more  marked  than  in  the 
compression  series,  but  the  actual  rate  was  not 
large  except  at  the  highest  stresses.  Because 
there  appeared  to  be  no  proportional  limit, 
strictly  speaking,  in  direct  tension  static  tests, 
no  comparison  between  creep  rates  and  propor¬ 
tional  limits  can  be  drawn. 

Subsequent  to  the  completion  of  the  first 
series,  two  of  the  specimens  at  low  moisture 
and  all  four  at  high  moisture  were  reloaded  as 
shown  in  Fig.  3  on  the  graph.  As  in  the  com¬ 
pression  series,  the  specimens  were  loaded 
directly  to  a  predetermined  value  and  held.  In 
this  instance,  the  load  was  held  for  625  hours 
and  then  increased  in  steps  until  a  maximum 
stress  of  7880  p.s.i.  was  attained  in  specimen 
No.  3.  The  load  was  then  released  to  determine 
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the  amount  of  residual  strain,  which  was  found 
to  vary  between  1  and  8  ten  thousandths. 

G)mparison  of  Figs.  2  and  3  shows  that  in 
both  the  tension  and  compression  tests,  the  rate 
of  creep  in  the  second  series  was  quite  low  and 
became  appreciable  only  when  the  highest 
stress  was  attained.  Because  the  rates  were  so 
low,  the  graphs  appear  to  lie  practically  parallel 
at  all  stresses.  Actually,  some  slight  divergence 
existed;  that  is,  the  creep  rate  at  higher  stresses 
was  slightly  greater  than  at  low  stresses. 

Bending 

The  results  of  one  beam  test  are  plotted  in 
Fig.  4.  Although  two  tests  were  made,  the 
second  one  was  so  similar  to  this  one  that  only 
one  is  given  here.  This  beam  was  loaded  over 
the  period  of  time  indicated  on  the  graph,  be¬ 
ginning  with  a  relatively  low  load  and  increas¬ 
ing  at  intervals  until  failure  finally  occurred. 
This  beam  was  carefully  matched  with  another 
beam  which  had  previously  been  tested  under 
short  time  loads.  If  it  is  assumed  that  the 
modulus  of  rupture  of  this  beam  under  short 
time  load  would  have  been  the  same  as  that  of 
the  statically  tested  beam  (Table  1)  then  the 
loads  applied  as  shown  in  Fig.  4  were  35,  63, 
70,  79,  82,  and  87  percent  of  the  short  time 
ultimate  strength,  or  40,  72,  81,  90,  93,  and 
100  percent  of  the  actual  ultimate.  The  com¬ 
puted  outermost  fiber  stresses  were  3200,  5700, 
6400,  7100,  7300,  and  7900  p.s.i.  The  load¬ 
ing  periods  were  40,  50,  480,  240,  5,  and  20 
hours,  respectively. 

The  shape  of  the  strain  curves  as  shown  in 
Fig.  3  is  essentially  the  same  as  those  previ¬ 
ously  noticed  in  static  tests.  The  fact  that  high 
stresses  were  maintained  for  periods  of  weeks 
made  no  essential  diflFerence  in  the  shape  of  the 
curves.  Compressive  strains  in  thousandths  inch 
per  inch  are  plotted  to  the  left  of  the  vertical, 
and  tensile  strains  to  the  right.  The  actual 
strain  distribution  deviates  from  a  straight  line, 
as  shown.  Maximum  compressive  strains  are 
smaller  than  maximum  tensile  strains,  and  the 
neutral  axis  is  shifted  slightly  toward  the  ten¬ 
sion  edge  of  the  beam  (see  also.  Table  1). 

There  was  no  discernible  creep  at  35  and  63 
percent  of  the  ultimate  when  loaded  for  40 
and  50  hours,  respectively.  When  loaded  to  70 
percent  of  short  time  ultimate  (approximately 
the  short  time  proportional  limit) ,  creep  began 


to  be  noticeable  and  was  somewhat  larger  in 
compression  than  in  tension,  with  a  slight 
downward  shift  of  the  neutral  axis.  At  20  days 
the  creep  rate  had  dwindled  to  practically  zero. 
At  79  percent  load  creep  again  occurred, 
dwindling  to  an  almost  indistinguishable  rate 
at  the  end  of  10  days.  At  82  percent  no  creep 
was  discernible  after  5  hours.  At  87  percent, 
creep  was  too  small  to  be  plotted  but  there  was 
a  slight  diminution  in  compressive  strain  at  the 
outermost  edge,  a  slight  increase  near  the  neu¬ 
tral  axis,  small  drop  in  the  neutral  axis  and  a 
slight  increase  in  outermost  tensile  strains. 
Failure  occurred  on  the  compression  side  after 
20  hours. 

Although  a  number  of  gages  in  both  tension 
and  compression  were  damaged  during  the  col¬ 
lapse,  enough  remained  intact  to  indicate 
residual  strains.  The  permanent  set  curve  was 
much  the  same  as  for  short  time  loads. 

To  some  degree,  the  bending  creep  behavior 
was  a  reflection  of  the  compressive  and  tensile 
strains.  In  all  three  cases,  the  creep  rates  were 
low,  except  for  the  very  highest  stresses  in 
direct  compression  and,  to  a  lesser  extent,  in 
tension,  partidtlarly  the  direct  tensile  stresses 
corresponding  to  the  bending  tensile  stresses. 
The  somewhat  greater  increase  in  the  bending 
compressive  strains  was  more  or  less  consistent 
with  the  direct  compressive  and  tensile  strains. 

The  bending  compressive  stresses  in  the 
periods  240,  5,  and  20  hours  were  equal  to  or 
larger  than  the  ultimate  static  direct  compres¬ 
sive  stresses,  but  the  creep  rate  was  low  and 
virtually  vanished. 

One  experimental  phenomenon  of  possible 
significance  was  noted.  The  bending  specimens 
were  loaded  symmetrically  at  one-third  span; 
consequently,  little  or  no  shear  existed  in  the 
central  portion,  but  the  end  thirds  of  the  span 
were  subjected  to  appreciable  shearing  stresses, 
ranging  from  1750  to  4400  pounds  total,  or 
maximum  shearing  stress  intensities  at  the  neu¬ 
tral  axis  of  220  to  550  p.s.i.  Under  these  load¬ 
ing  conditions,  the  beams  settled  continually, 
and  the  loading  springs  had  to  be  adjusted 
daily,  in  spite  of  the  fact  that  the  measured 
creep  rate  in  the  central  portion  of  the  beam, 
not  subject  to  shear,  was  often  virtually  zero. 
This  would  seem  to  indicate  that  the  continu¬ 
ing  deflection  of  the  beam  was  caused  by  shear- 
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ing  creep  in  the  outer  thirds  of  the  beam,  be¬ 
cause  pure  bending  creep  apparently  could  not 
account  for  it. 

Conclusions 

No  attempt  is  made  to  draw  any  general 
conclusions  from  these  tests.  They  were  purely 
exploratory  and  may  be  useful  in  setting  up 


more  extensive  creep  studies.  They  appear  to 
indicate  that  in  direct  compression  creep  rates 
are  very  low  below  the  proportional  limit,  that 
they  are  low  in  direct  tension,  and  that  bending 
tension  and  compression  creep  rates  are  also 
low.  The  continuing  deflection  of  beams  under 
load  may  be  caused  by  shear  creep. 
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Durability  of  Woodworking  Glues  for  Dwellings* 

M.  L.  Selbo 

Chemical  Engineer,  Forest  Products  Laboratory,*  Forest  Service,  U.  S.  Department  of  Agriculture 

The  results  of  the  extensive  tests  made  at  the  Forest  Products  Laboratory  on  casein  and  nrnthetic  resin 
(lues  are  summarized  and  the  suitability  of  these  glues  for  use  in  house  constiuction  is  evaluated.  The  rteilts 
of  controlled  exposure  tests  on  birch  plywood  shear  specimens  and  on  joints  between  ^ywood  and  foaming 
members,  of  weathering  tests  on  plywood  panels,  and  of  exposure  tesu  on  laminated  beams  made  with  the 
glues  are  shown  in  tables  and  graphs.  The  general  superiority  in  durability  of  the  phenol,  melamine  and 
resorcinol  glues  over  casein  and  urea  resin  glues  under  severe  exposure  conditions  is  mdicated.  Casein  glues 
are  particularly  subject  to  deterioration  under  high  moisture  conditions  and  the  ureas  are  particularly  affected 
by  high  temperatures  and  combinations  of  higb  temperature  and  high  humidity  exposures. 


Introduction 

HIS  report  presents  durability  data  de¬ 
veloped  by  the  Forest  Products  Labora¬ 
tory  on  adhesives,  that  may  be  used  as  a 
guide  in  the  selection  of  glues  for  house  con¬ 
struction. 

Probably  one  of  the  oldest  examples  of 
glued  construction  is  furniture.  During  and 
following  the  first  world  war,  glue  came  into 
use  in  such  structures  as  laminated  arches  and 
airplane  parts.  In  the  thirties  it  became  impor¬ 
tant  in  house  construction;  the  continuous  bond 
obtainable  with  glues  made  possible  the 
stressed-facing  type  of  construction  originated 
by  the  Forest  Products  Laboratory  for  prefab¬ 
ricated  houses.  It  was  not  until  the  second 
world  war,  however,  that  glues  were  developed 
that  combined  convenient  working  character¬ 
istics  with  the  high  durability  needed  in  severe 
service. 

The  glues  available  in  early  times  produced 
strong  bonds  when  applied  with  the  proper 
technique.  Because  they  were  low  in  resistance 
to  moisture,  however,  they  could  be  used  suc¬ 
cessfully  only  for  service  where  the  glued 
product  was  kept  dry.  Even  the  development  of 
casein  glue,  with  its  improved  water  resistance 
which  considerably  expanded  the  usefulness  of 
glued  products,  did  not  permit  prolonged  ex¬ 
posures  of  glued  material  to.hi^  humidity  or 
soaking  in  water.  With  the  advent  of  synthetic- 

*  Presented  by  title  only. 

^This  report,  prepared  in  cooperation  with  the 
Housing  and  Home  Finance  Agency,  is  based  on  re¬ 
sults  obtained  in  a  number  of  investigations  at  the 
Forest  Products  Laboratory  by  various  workers  and 
done  in  part  with  the  cooperation  of  other  agencies. 

*  Maintained  at  Madison,  Wis.,  in  cooperation  with 
the  University  of  Wisconsin. 


resin  glues,  however,  glue  bonds  as  durable  as 
the  wood  itself  became  possible  even  under 
extreme  moisture  conditions. 

The  great  expansion  in  use  of  glues  for 
structural  purposes  that  has  resulted  from  these 
developments  has  created  demands  for  infor¬ 
mation  about  their  durability.  At  the  Forest 
Products  Laboratory  the  durability  of  glues  has 
been  studied  for  many  years.  The  results  of 
these  studies  have  served  m  bases  for  recom¬ 
mendations  with  regard  to  the  types  of  glues 
most  suitable  for  fabricating  many  wood  prod¬ 
ucts  and  structures.  As  new  evidence  is 
obtained,  and  new  and  modified  glues  become 
available,  these  recommendations  may  be  re¬ 
vised.  In  addition,  as  knowlet^e  of  the  condi¬ 
tions  to  which  glue  joints  in  wood  are  exposed 
in  service  is  expanded,  estimates  of  the  effec¬ 
tiveness  of  various  glues  can  be  revised. 

Long-term  service  tests  may  not  always  bear 
out  the  trends  of  short-term  exposures.  In  gen¬ 
eral,  however,  the  longer  an  exposure  test,  the 
more  dependable  are  the  conclusions  that  can 
be  drawn  from  the  results.  On  the  other  hand, 
specimens  that  were  put  on  exposure  8  to  10 
years  ago  were  glued  with  the  adhesives  avail¬ 
able  at  that  time  and  more  recent  formulations 
may  be  considerably  improved. 

Exposure  tests  are  in  general  very  short 
when  compared  to  the  life  expectancy  of  many 
glued  structures.  They  are,  however,  generally 
designed  to  accelerate  possible  deterioration  or 
to  show  the  effects  of  severe  conditions  that 
may  occasionally  occur  in  service. 

The  exterior  parts  of  a  house  are  exposed  to 
widely  varying  temperature  and  moisture  con¬ 
ditions.  Data  on  temperatures  that  occur  in 
various  parts  of  houses  are  not  available.  Max¬ 
imum  temperatures  of  215“  F.  at  Tucson, 
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Ariz.,  and  189°  F.  at  Madison,  Wise.,  how¬ 
ever,  were  registered  on  the  top  skin  of  air¬ 
plane  wings  during  the  sununer  of  1943  and 
temperatures  above  160°  F.  were  not  uncom¬ 
mon  during  the  summer  (3).  This  would  indi¬ 
cate  that  temperatures  of  160“  F.  may  develop 
in  exterior  panels  of  houses  located  in  regions 
of  similar  climate.  Such  temperatures  are 
known  to  damage  joints  made  with  certain 
types  of  glues.  Very  low  temperatures  are  en¬ 
countered  in  certain  localities,  but  ordinary 
woodwodcing  glues  are  usually  not  affected  by 
exposure  to  subzero  temperatures. 

Wood  dries  to  an  average  moisture  content 
of  about  12  percent  outdoors  in  most  parts  of 
the  United  States,  but  will  average  as  low  as  9 
percent  in  the  dry  southwestern  regions  and  as 
hi^  as  14  percent  or  more  in  regions  of  high 
humidity  (9).  Its  moisture  content  is  often 
much  higher  for  short  periods  of  time,  of 
course,  in  panels  exposed  to  rain. 

Interior  woodwork  may  have  a  moisture  con¬ 
tent  as  low  as  4  percent  in  a  heated  building  in 
the  winter  and  13  percent  or  more  in  the 
summer.  In  the  damp  southern  coastal  regions 
where  the  houses  are  seldom  heated  and  both 
the  temperature  and  relative  humidity  are  com¬ 
paratively  high,  average  moisture  content 
values  of  12  to  13  percent  throughout  the  year 
have  been  observed  for  wood  indoors,  and  for 
the  dry  southwestern  regions  about  7  percent 
(9). 

Besides  the  average  conditions  that  prevail 
on  exterior  panels  and  on  interior  woodwork 
of  a  house  there  are  certain  parts  of  a  dwelling 
that  are  often  exposed  to  more  severe  condi¬ 
tions  than  others.  Woodworic  in  bathrooms  and 
kitchens  is  often  exposed  to  condensation  and 
wetting  which  temporarily  may  raise  the  mois¬ 
ture  content  somewhat  above  the  average  values 
that  prevail.  While  such  temporary,  abnormal 
conditions  may  not  have  any  inun^iate  effect 
on  glues  of  moderate  moisture  resistance,  the 
cumulative  effect  throughout  the  years  may 
cause  such  glues  to  fail. 

In  houses  without  basements,  the  floor  panels 
are  often  exposed  to  damp  conditions  that  will 
result  in  high  moisture  content  of  the  wood; 
this  is  especially  likely  to  occur  where  ventila¬ 
tion  of  the  crawl  space  under  a  house  is  inade¬ 
quate. 


Conditions  favorable  for  condensation  often 
occur  in  walls  and  attics  during  the  winter  in 
cold  climates  unless  these  parts  are  adequately 
protected  with  vapor  barriers  and  attic  ventila¬ 
tion.  Leaky  roofs  may  also  permit  temporary 
wetting  of  ceiling  panels,  partitions,  and  floors. 
While  it  may  not  be  economical  to  build  a 
house  of  materials  that  could  be  soaked  or 
flooded  without  lasting  damage,  moderate  re¬ 
sistance  to  extraordinary  conditions  is  desirable. 

Glues  used  for  structural  parts  in  housing 
are  often  required  to  retain  joint  strength 
under  exposure  to  extremes  of  relative  humid¬ 
ity  and  temperature.  Water  resistance  may  also 
be  required.  These  various  conditions  of  expo¬ 
sure  have  been  considered  in  designing  dura¬ 
bility  tests  and  in  selecting  glues  for  long-term 
exposures. 

Animal,  starch,  flour-extended  urea,  and  the 
recently  developed  polyvinyl-resin  emulsion 
glues  have  been  used  extensively  in  the  furni¬ 
ture  industry,  but  because  of  their  limited  re¬ 
sistance  to  severe  service  conditions  they  are 
not  considered  suitable  for  house  construction 
and  are  not  discussed  in  this  report.  The  room- 
a  n  d  intermediate-temperature-setting  phenols 
of  the  acid  type  are  not  discussed  because  the 
data  on  them  are  rather  limited;  available  data 
indicate  that  they  cause  deterioration  of  the 
wood  particularly  when  the  joints  are  exposed 
to  high  temperatures  or  high  humidities  (11). 
Discussion  of  acid-catalyzed,  low-temperature¬ 
setting  melamines  has  likewise  been  omitted, 
since  no  extended  durability  data  are  available 
on  them  and  results  of  preliminary  tests  indi¬ 
cate  that  they  are  not  so  durable  as  the  inter- 
mediate-temperature-setting  or  hot-press  mela¬ 
mines. 

Among  protein  glues,  only  the  casein  type  is 
discussed  in  this  report.  Glues  made  from  soy¬ 
bean  meal  are  widely  used,  especially  for  mak¬ 
ing  interior-type  Douglas-fir  plywood.  When 
used  on  this  or  similar  species,  their  service¬ 
ability  in  well-made  joints  resembles,  in  gen¬ 
eral,  that  of  joints  in  birch  plywood  well  made 
with  casein  glue.  Consequently,  performance 
of  casein  glue  in  different  tests  may  serve  as  a 
guide  for  use  of  soybean-glued  plywood.  Ad¬ 
hesives  for  which  detailed  discussion'  is  pre¬ 
sented  include  casein  glue,  room-temperature¬ 
setting,  hot-press,  and  fortified  hot-press  urea 
resin,  resorcinol  resin,  hot-press  and  interme- 
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diate-temperature-setting  melamine  resin,  inter¬ 
mediate-temperature-setting  phenol  resin  (alka¬ 
line  type),  and  hot-press  |Aenol  resin. 

Glues  used  ‘in  commercial  plywood  may  be 
of  different  types  depending  upon  the  stand¬ 
ards  the  plywood  is  made  to  conform  to.  Com¬ 
mercial  standards  have  been  established  by  the 
National  Bureau  of  Standards  for  hardwood 
and  softwood  (Douglas-fir  and  Western  hem¬ 
lock)  plywood.  Douglas-fir  plywood,  under 
Commercial  Standard  CS45-47,  is  of  two  types, 
interior  and  exterior.  Interior  plywood  is  gen¬ 
erally  made  with  soybean  glue  or  soybean  to 
which  a  certain  amount  of  casein  or  blood 
albumin  has  been  added  to  improve  the  water 
resistance  of  the  glue.  Highly  extended  phenol- 
resin  glues  are  also  used  to  make  moisture- 
resistant  plywood.  Exterior-type  plywood  is 
generally  made  with  hot-press  phenol-resin 
glue. 

Western  hemlock  plywood  as  defined  by 
Commercial  Standard  CS 12  2-4  3  is  made  only 
in  the  interior  type. 

Hardwood  plywood  as  established  by  Com¬ 
mercial  Standard  CS35— 47  is  made  in  four 
types.  Type  I  requires  fully  waterproof  bond 
and  is  usually  made  with  hot-press  phenol  or 
fortified  urea-resin  glue.  Type  II  requires  a 
bond  with  high  water  resistance  and  is  usually 
made  with  urea-resin  glue.  In  type  III  only  low 
water  resistance  is  required  and  may  be  made 
with  soybean,  casein,  or  extended  urea-resin 
glue.  Type  IV  requires  no  test  for  water  resist¬ 
ance  and  is  usually  made  with  starch  glue. 

Test  Method  and  Results 

In  general,  the  following  four  methods  of 
measuring  the  durability  of  glued  joints  have 
been  employed  at  the  Forest  Products  Labora¬ 
tory  and  the  results  presented  in  this  report  are 
obtained  from  them: 

1.  Exposures  of  small  plywood  specimens 
under  controlled  conditions. 

2.  Exposures  of  joints  between  plywood  and 
framing  members  under  controlled  con¬ 
ditions. 

3.  Weathering  tests  on  plywood  panels. 

4.  Exposure  tests  on  laminated  beams. 


Exposures  of  Small  Plywood  Specimens 
Under  Controlled  Conditions 

Tests  based  on  exposure  of  plywood  to  con¬ 
trolled  temperature  and  moisture  conditions 
have  been  used  extensively  to  determine  the 
durability  of  glues  (1  and  2).  Some  of  these 
tests  covered  a  period  of  8  years  or  more. 

Test  Procedure 

Standard  plywood  shear  specimens  were  pre¬ 
pared  from  ^-inch  yellow  birch  veneer  and 
glued  at  12  percent  moisture  content.  Manu¬ 
facturers’  recommendations  for  use  of  the  glues 
were  followed.  Specimens  were  tested  both  wet 
and  dry  after  a  1-week  conditioning  period,  to 
determine  the  original  joint  quality.  Remaining 
specimens  were  subjected  to  the  different  ex¬ 
posure  conditions.  At  regular  intervals,  samples 
were  tested  for  plywood  shear  strength.  Speci¬ 
mens  were  generally  tested  in  tension-shear  in 
the  conditions  at  which  they  were  removed. 
Specimens  subjected  to  cyclic  exposures  were 
usually  tested  after  the  drying  period  of  the 
cycle. 

Exposure  Conditions 

By  exposing  specimens  made  with  each  glue 
to  well-selected  sets  of  conditions,  individual 
factors  that  cause  deterioration  of  glued  joints 
can  be  segregated.  The  properties  of  glued 
joints  determined  in  this  way  include  resistance 
to  high  and  low  temperatures,  molds  and  other 
micro-organisms,  and  soaking  in  water,  as  well 
as  ability  to  withstand  swelling  and  shrinking 
stresses  induced  in  cross-ply  construction.  Based 
on  their  performance  under  these  controlled 
conditions,  glues  can  be  rated  with  regard  to 
their  effectiveness  under  known  service  condi¬ 
tions. 

Exposure  conditions  used,  and  a  statement 
of  the  significance  of  each,  follow: 

Continuous  exposure  at  80°  P.  and  65  per¬ 
cent  relative  humidity. — ^The  effect  of  aging  of 
the  glued  joint  under  mild  conditions  is  meas¬ 
ured.  In  a  constant  temperature  and  humidity 
exposure  of  this  type,  the  mechanical  stresses 
on  the  joints  would  be  expected  to  be  lower 
than  under  the  mildest  service  conditions. 

Continuous  exposure  at  158°  F.  and  20  per¬ 
cent  relative  humidity. — The  effect  of  high 
temperature  at  low  moisture  content  is  indi¬ 
cated. 
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Continuous  exposure  at  138°  F.  and  60  per¬ 
cent  relative  humidity. — In  this  test  the  com¬ 
bined  effect  of  high  temperature  and  moderate 
moisture  content  is  indicated. 

Room-tem perature — high-temperature  cycle. 
— ^This  cycle,  consisting  of  repeated  alternate 
exposures  for  16  hours  at  80“  F.  and  65  per¬ 
cent  relative  humidity  and  8  hours  at  158“  F. 
and  20  percent  relative  humidity,  measures  the 
combined  effect  of  high  temperature  and  mild 
swelling  and  shrinking  stresses. 

Room-temperature  —  low-temperature  cycle. 
— This  repeated  cycle  of  alternate  exposures 
for  16  hours  at  80“  F.  and  65  percent  relative 
humidity  and  8  hours  of  — 20“  F.  measures 
the  resistance  of  glued  joints  to  extremely  low 
temperatures.  Early  results  obtained  in  this  test 
were  based  upon  a  low  temperature  of  — 67“ 
F.  over  dry  ice. 

High  and  low  relative  humidity  cycle. — In 
this  test,  a  period  of  2  weeks  at  80“  F.  and  97 
percent  relative  humidity  alternates  with  a 
2-week  period  at  80“  F.  and  30  percent  rela¬ 
tive  humidity  in  a  repeating  cycle.  Resistance 
to  shrinking  and  swelling  stresses,  to  molds 
and  other  micro-organisms,  and  ability  to  with¬ 
stand  the  effects  of  moisture  content  approach¬ 
ing  fiber  saturation  are  measured. 

Continuous  exposure  to  97  percent  relative 
humidity  and  80°  F. — In  this  test,  resistance  to 
a  combination  of  mold  and  other  micro¬ 
organisms  and  ability  to  withstand  the  effects 
of  moisture  content  approaching  fiber  satura¬ 
tion  are  measured. 

Soaking-drying  cycle. — ^This  test  consists  of 
repeated  cycles  of  alternate  soaking  in  water  at 
room  temperature  for  2  days  and  drying  at 
80“  F.  and  30  percent  relative  humidity  for 
12  days.  Resistance  to  shrinking  and  swelling 
stresses,  to  water,  and  possibly  to  biological 
deterioration  is  measured. 

Results  of  Controlled  Exposures 
On  Eight  Types  of  Glues 

The  results  of  exposure  to  these  conditions 
for  various  periods  of  time  on  the  shear 
strength  of  yellow  birch  plywood  specimens 
glued  with  eight  types  of  glue  are  shown  in 
Figs.  1  to  8.  Shear  test  results  for  casein  glue 
(without  preservative),  room- temperature-set¬ 
ting  urea  resin  conforming  to  Army-Navy 


Aeronautical  Specification  AN-G-8,*  hot-press 
urea  resin,  fortified  hot-press  urea  resin,  resor¬ 
cinol  resin,  hot-press  melamine  resin,  interme¬ 
diate-temperature-setting  phenol  resin  (alkaline 
type),  and  hot-press  phenol  resin  are  plotted 
separately. 

Fortified  urea  resins  generally  contain  a  cer¬ 
tain  amount  of  melamine  resin  or  resorcinol. 
Since  the  type  of  fortifier  is  usually  not  dis¬ 
closed,  results  with  resorcinol-  and  melamine- 
fortified  ureas  are  combined  under  fortified 
^  urea  resins.  The  results  with  the  two  types  have 
not  as  a  rule  differed  significantly,  although 
the  melamine-fortified  glues  have  appeared  to 
be  slightly  superior  in  durability  to  those  for¬ 
tified  with  resorcinol.  Again,  durability  prob¬ 
ably  would  vary  with  the  amount  of  fortifier 
used. 

The  curves  shown  in  each  graph  represent 
average  joint  strength  after  exposure  as  a  per¬ 
centage  of  original  dry  shear  strength.  The 
vertical  bars  indicate  average  percentages  of 
wood  failure.  Each  graph  is  usually  based  on 
several  representative  glues  of  one  particular 
type.  Since  new  glues  have  been  added  to  the 
studies  from  time  to  time,  however,  the  values 
shown  for  1,  2,  or  3  years’  exposure  are  often 
based  on  a  much  larger  number  of  glues  than 
those  shown  for  more  extended  exposure 
periods. 

When  continuously  maintained  at  80“  F. 
and  65  percent  relative  humidity  for  4  years 
(Fig.  1),  the  room-temperature-setting  urea 
resins  were  the  only  glues  tested  that  showed 
an  appreciable  decrease  in  average  joint 
strength.  This  weakening  was  confirmed  by  a 
gradual  drop  in  percentage  of  wood-failure 
values.  At  the  end  of  3  years’  exposure,  aver¬ 
age  joint  strength  of  glues  of  this  type  con¬ 
forming  to  Army-Navy  Aeronautical  Specifica¬ 
tion  AN-G-8^  (April  25,  1942)  had  decreased 
to  about  three-fourths  of  original  values  and 
had  then  retained  approximately  that  level  of 
strength  for  the  next  12  months.  Considerable 
difference,  however,  existed  between  individual 
glues.  All  other  types  of  glues  maintained  high 
levels  of  strength  throughout  3V^  to  4  years  of 
exposure  to  this  mild  condition. 

*  Room-temperature-setting  urea-resin  glues  are 
cured  with  add  catalysts  added  to  facilitate  the  set¬ 
ting  action.  Specification  AN-G-8  limits  acidity  of 


these  glues  to  a  minimum  pH  of  2.5. 
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Fig.  1. — Joint  strength  and  wood  failure  of  birch  plywood  specimens  glued  with  eight  types  of  glues  and 
kept  under  continuous  exposure  at  80*  F.  and  65  percent  relative  humidity. 


VSOKHUOl  KSHt 


hV 

\-lo 


Fig.  2 


exPosuPi  PiPtoo  ttiOHTHS) 

— ^Joint  strength  and  wood  failure  of  birch  plywood  specimens,  glued  with  eight  types  of  glues  and 
exposed  continuously  at  158*  F.  and  20  percent  relative  humidity. 
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At  158°  F.  and  20  percent  relative  humidity  ing.  Consequently,  a  part  of  the  loss  in 
(Fig.  2),  room-temperature-setting  urea  resins  strength  may  have  been  caused  by  deterioration 

showed  a  rapid  decline  in  joint  strength  and  of  the  wood  resulting  from  long-continued  ex¬ 

percentage  of  wood  failure  and  fell  below  60  posure  to  high  temperature.  Joints  glued  with 
percent  of  the  original  strength  within  6  phenol  and  melamine  resins  retained  more  than 

months  and  to  practically  no  strength  after  3  60  percent  of  their  original  strength  after  4 

to  4  years.  years'  exposure,  and  resorcinol  glue  joints  re- 

The  hot-press  ureas  performed  somewhat  tained  about  50  percent  after  years;  all  of 
better,  with  about  60  percent  of  the  original  these  resin  glues,  however,  maintained  high 

strength  remaining  after  18  months  (longest  percentages  of  wood  failure,  indicating  deteri- 

period  for  which  data  are  available),  although  oration  of  the  wood  rather  than  of  the  glue, 

the  wood  failures  fell  to  about  zero  in  this  In  other  tests  under  still  higher  temperature 

time,  indicating  that  the  glue  bonds  were  conditions,  namely  exposure  at  200°  F.  and  20 
deteriorating.  percent  relative  humidity  (11),  both  room- 

Casein  and  fortified  hot-press  urea  had  temperature-setting  and  hot-press  urea-resin 
dropped  to  approximately  the  50  percent  glue  joints  failed  completely  within  a  year, 
strength  level  at  the  end  of  the  exposure  period  Fortified  urea  retained  about  20  percent  of  the 
of  4  years,  but  the  wood  failures  showed  no  original  strength  at  18  months  (duration  of 

consistent  trend,  either  increasing  or  decreas-  test  period)  and  casein,  resorcinol,  melamine. 


£XPOSUf>£  P£ moo  (MONTHS) 

Fig.  3. — ^Joint  strength  and  wood  failure  of  birch  plywood  specimens,  glued  with  eight  types  of  glues  and 
exposed  continuously  at  158“  F.  and  60  percent  relative  humidity. 
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and  phenol-resin  glues  all  had  dropped  to 
about  20  to  30  percent  of  their  original 
strength  in  30  months.  The  wood  failure 
values,  however,  were  generally  high  for  all 
glues  except  the  ureas,  indicating  that  the  wood 
was  deteriorating  at  this  exposure. 

When  subjected  to  flame  tests  (8)  the  com¬ 
ponent  plies  of  plywood  glued  with  casein  and 
urea-resin  glue  (both  hot-press  and  room- 
temperature-setting)  separated  as  they  were 
charred  through,  thus  exposing  fresh,  unburned 
wood  to  the  flames.  When  outer  plies  of 
phenol-resin-bonded  plywood  were  charred, 
however,  they  did  not  separate,  thus  oflFering 
some  protection  to  underlying  layers  of  veneer 
and  imparting  some  additional  fire  resistance. 
In  common  with  phenol-resin-bonded  plywood, 
the  veneers  of  plywood  bonded  with  resorcinol 
and  melamine  resin  do  not  separate  when 
exposed  to  fire  (3^. 

The  higher  moisture  content  prevailing 
under  continuous  exposure  at  138°  F.  and  60 
percent  relative  humidity '  (Fig.  3)  caused  a 
more  rapid  breakdown  of  room-temperature¬ 
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setting  urea-resin  glue  joints  than  exposure  to 
158°  F.  and  20  percent  relative  humidity. 
Within  2  months  room-temperature-setting 
urea-resin  glue  fell  below  50  percent  of  its 
original  joint  strength,  and  only  a  few  speci¬ 
mens  retained  measurable  joint  strength  at  the 
end  of  9  months.  The  only  hot-press  urea  resin 
in  these  tests  deteriorated  less  rapidly,  but  it 
had  lost  practically  all  strength  after  18 
months.  Results  obtained  for  as  long  as  18 
months’  exposure  show  considerable  decrease 
in  strength  and. wood  failure  of  joints  glued 
with  some  fortified  hot-press  ureas.  Joints 
glued  with  alkaline  intermediate-temperature¬ 
setting  phenol,  hot-press  melamine,  and  resor¬ 
cinol  resins  showed  high  average  percentages 
of  wood  failure  after  various  periods  of  expo¬ 
sure  up  to  18  months.  Their  declining  strength 
appears  to  be  caused  primarily  by  the  decreas¬ 
ing  strength  of  the  wood  under  this  high  tem¬ 
perature  eixposure.  Although  not  characterized 
by  generally  high  wood-failure  values,  joints 
glued  with  casein  and  hot-press  phenol  resin 
retained-  comparably _  high  strength  under  this 
exposure. 


jHffvry  aeon  isnrt 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Exposure  to  a  cycle  of  room  and  high  tern-  weakening  of  wood  takes  place  under  these 

peratures  (Fig.  4)  caused  joints  glued  with  exposure  conditions. 

room-temperature-setting  urea  resin  to  lose  con-  The  cycle  of  room  and  low  temperatures 
siderable  strength,  especially  during  the  early  (Fig.  5)  showed  no  outstanding  difference  in 

part  of  the  exposure.  Within  6  months,  strength  performance  among  the  glues  tested  during  12 

of  the  room-temperature-setting  urea-resin  to  54  months  of  exposure  as  compared  with 

glues  dropped  more  than  40  percent  and  was  the  performance  of  joints  exposed  continuously 

accompanied  by  a  gradual  decline  in  wood  to  80°  F.  and  65  percent  relative  humidity 

failure.  After  4  years  of  exposure,  however,  (Fig.  1).  Most  retained  moderately  high  to 

strength  still  averaged  about  50  percent  of  the  high  joint-strength  values,  although  with  the 

original.  Joint  strengths  obtained  with  some  room-temperature-setting  urea  wood-failure 

fortified  hot-press  ureas  and  with  hot-press  percentages  were  negligible  after  36  months, 

urea  resin  decreased  less,  but  they  were  accom-  and  after  54  months  the  strength  had  decreased 

panied  by  decreasing  wood  failure  percentages  to  about  60  percent  of  the  original.  The  for- 

over  exposure  periods  ranging  from  36  to  48  tified  urea  resins  also  developed  practically  no 

months.  Casein  glue  joints  decreased  in  wood  failure  after  54  months  of  exposure,  and 

strength  at  about  the  same  rate  as  hot-press  at  the  end  of  this  period  their  strength  had 

urea  during  the  first  18  months  of  exposure,  dropped  to  about  70  percent  of  the  original, 

but  after  4  years  casein  glue  joints  had  retained  In  the  cycle  of  high  and  low  relative  humid- 
about  two-thirds  of  their  original  strength,  ity  (Fig.  6),  the  intermediate-temperature-set- 

whereas  the  hot-press  urea  joints  had  decreased  ting  phenol,  resorcinol,  and  hot-press  mela- 

nearly  50  percent.  Hot-press  and  intermediate-  mine  resins  retained  approximately  80  percent 

temperature-setting  phenol,  resorcinol,  and  of  their  original  strength  after  4  years  of  ex¬ 
melamine  glues  retained  high  wood-failure  posure;  and  the  hot-press  phenols,  for  which 

values  throughout  exposure  periods  of  18  to  data  are  available  for  a  longer  period,  remained 

48  months,  and  joint  strengths  appear  to  be  at  this  level  even  after  6  years.  These  glues 

limited  by  the  strength  of  the  wood.  Gradual  maintained  high  percentages  of  wood  failure 


tKPOsuK  Htnoo  (mnrn$t 

Fig.  3.-^ Joint  stren^h  and  wood  failure  of  birch  plywood  specimens,  glued  with  eight  types  of  glue^ 
and  exposed  'to  a  repeating  cycle  consisting  of  8  hours  at  — 20°  F.  followed  by  16  hours  at  80°  F.  and  63 
percent  relative  humidity. 
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EXPOSUHE  PEfUOD  (MONTHS! 


Fig.  6. — Joint  stren^  and  wood  failure  of  birch  plywood  specimens,  glued  with  eight  types  of  glues 
and  exposed  to  a  repeating  cycle  consisting  of  2  weeks  in  97  percent  relative  humidity  at  80**  F.,  followed 
by  2  weeks  in  30  percent  relative  humidity  at  80**  F. 


under  this  exposure  cycle.  Casein  glue  failed 
rapidly,  dropping  below  40  percent  of  the 
original  joint  strength  within  1  year.  Room- 
temperature-setting  urea-resin  glue  fell  to 
approximately  the  60  percent  level  within  1 
year  and  to  about  20  percent  in  4  years.  De¬ 
creasing  percentages  of  wood  failure  indicated 
deterioration  of  the  glue  bond.  The  hot-press 
urea  resins  showed  slightly  better  resistance  to 
alternating  high  and  low  relative  humidity  con¬ 
ditions,  but  strength  values  dropped  to  less 
than  23  percent  of  the  original  in  3  years  and 
after  18  months  of  exposure  the  wood  failures 
were  practically  zero.  The  fortified  hot-press 
ureas  retained  higher  strength  than  the  hot- 
press  ureas,  but  some  of  them  showed  a  grad¬ 


ual  decline  in  wood-failure  values  throughout 
the  exposure  period. 

Under  continuous  exposure  to  97  percent 
relative  humidity  and  80°  F.  (Fig.  7),  casein 
glue  dropped  below  40  percent  of  its  original 
dry  strengdi  in  4  months  and  failed  completely 
in  2^  years.  Hot- press  and  room-temperature- 
setting  urea  resins  fell  to  approximately  the  60 
percent  level  in  1  year  but  continued  to  show 
some  measurable  strength  for  several  years. 
The  hot-press  ureas  still  retained  a  small  per¬ 
centage  of  their  original  strength  after  7  years, 
although  the  room-temperature-setting  urea 
resins  failed  completely  in  less  than  3  years. 
The  wood  undoubtedly  deteriorated  under  this 
severe  exposure  condition  and  contributed  to 
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Fig.  7. — Joint  strength  and  wood  failure  of  birch  plywood  specimens,  glued  with  eight  types  of  glues,  under 
continuous  exposure  at  97  percent  relative  humidity  and  80®  F. 


the  reduction  in  joint  strength  shown;  but  de¬ 
creased  percentages  of  wood  failure,  particu¬ 
larly  noticeable  in  the  hot-press  urea-resin  glue 
joints  after  4^^  years  of  exposure,  indicate  that 
the  glue  bonds  also  broke  down.  Fortified  urea- 
resin  glue  joint  strength  was  about  the  same  as 
for  hot-press  urea  during  60  months’  exposure, 
although  wood  failure  of  the  fortified  urea- 
resin  joints  remained  very  high.  Up  to  7  years 
of  exposure,  the  hot-press  phenol  glue  joints 
retained  nearly  50  percent  of  their  original 
strength,  and  the  high  percentages  of  wood 
failure  throu^out  die  entire  8-year  test  period 
indicate  that  joint  strength  was  limited  by  the 
declining  strength  of  the  wood.  The  interme- 
diate-temperature-setting  phenol,  resorcinol, 
and  hot-press  melamine  glues  all  showed  high 
wood  failure  throughout  the  4-year  exposure 
period  and  appear  to  be  comparable  to  the  hot- 
press  phenol-resin  glues,  although  the  strength 


of  the  melamine-glued  joints  fell  off  somewhat 
more  rapidly  than  that  of  the  remainder  of 
these  glues. 

During  exposure  to  the  cycle  of  soaking  and 
drying  (Fig.  8),  casein  glues  failed  rapidly, 
dropping  below  40  percent  of  their  original 
dry  strength  within  2  months.  The  room- 
temperature-setting  urea  glues  dropped  to 
about  60  percent  of  their  original  strength 
within  18  months  and  continued  to  lose 
strength  throughout  the  5-year  exposure  period. 
Decreasing  strength  was  accompanied  by  very 
low  wood-failure  values.  Tlie  hot-press  and 
fortified  hot-press  urea  resins  maintained  about 
60  percent  of  original  joint  strength  for  4^ 
years,  but  the  rather  consistent  downward  trend 
of  wood  failure  values  indicated  that  they  were 
not  quite  so  durable  as  the  hot-press  phenol 
resins.  The  hot-press  phenol  resins  maintained 
a  high  level  of  wood  failure  throughout  the 
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EXPOSURE  PERIOD  (MOUTHS) 


Fig.  8. — ^Joint  strength  and  wood  failure  of  birch  plywood  specimens,  glued  with  eight  types  of  glues 
and  exposed  to  a  repeating  cycle  of  2  days’  soaking  in  water  at  room  iemperature  followed  by  12  days’ 
drying  at  80*  F.  and  30  percent  relative  humidity. 

6-year  exposure  period,  indicating  high  dura-  Durability  of  Casein  Glue 
bility  of  the  glue.  The  resorcinol,  intermediate-  Containing  Preservatives 
temperature-setting  phenol,  and  hot-press  Continuous  or  intermittent  exposures  to  high 
melamine  glues  showed  some  decrease  in  humidity  or  to  soaking  were  shown  to  result 

strength,  but  wood  failure  remained  high  and  Jn  rapid  breakdown  of  casein-glued  joints 

these  glues  appear  to  be  comparable  to  hot-  (Figs.  6,  7,  and  8).  In  recent  years,  however, 

press  phenols  in  durability  on  the  basis  of  the  ^he  introduction  of  casein  glue  to  which  pre- 

comparatively  short  periods  for  which  exposure  servative  has  been  added  has  improved  the 

data  are  available.  effectiveness  of  these  glues  in  preventing  or-  , 

Other  types  of  exposures  (11)  have  shown  ganic  deterioration  under  exposures  favorable 

that,  under  continuous  soaking  in  water  at  for  the  growth  of  molds  and  other  micro¬ 
room  temperature,  casein  glue  failed  in  a  rela-  organisms  (6).  The  improvement  in  mold  re- 

tively  short  time  (no  measurable  strength  after  sistance  obtained  with  such  preservatives  added 

18  months)  while  all  types  of  synthetic-resin  to  two  commercial  casein  glues  is  shown  in 

glues  included  maintained  high  wood  failures  Fig.  9-  The  glues  to  whidi  preservative  had 

and  retained  considerable  strength  throughout  been  added  retained  about  30  percent  of  their 

exposure  periods  ranging  from  21/^  to  6  years,  strength  after  15  months’  exposure,  whereas 
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L€6EIVD- 

COUME/KIAL  GLUES  PLUS  PPESERVATIVE 
(5  PERCENT  PENTACHLOROPHENOL) 

^  P - COMk^RCIAL  GLUES  WITHOUT  PRESERVATIVE 


Fig.  9. — ^Joint  strength  and  wood  failure  of  birch  plywood  specimens,  glued 
with  different  casein  ^ue,  with  and  without  the  addition  of  pentachlorophenol 
under  (A)  continuous  exposure  at  80“  F.  and  97  percent  relative  humidity,  (B) 
continuous  exposure  at  80“  F.  and  63  percent  relative  humidity,  and  (C)  contin¬ 
uous  exposure  at  138“  F.  and  60  percent  relative  humidity. 


the  strength  of  the  unpreserved  glues  had 
dropped  to  this  level  in  2  months  (9A).  In  2 
years,  however,  the  joint  strength  of  both  types 
had  dropped  to  zero,  which  would  indicate  that 
even  with  preservative  added  casein  glue  has 
considerably  less  resistance  to  high  humidity 
than  the  more  durable  resin  glues  (Fig.  7). 
Evidence  that  the  effectiveness  of  casein  glue 
to  which  a  preservative  has  been  added  is  not 
appreciably  changed  at  normal  or  elevated  tem¬ 
perature  is  given  in  Fig.  9  (B  and  C),  based 


on  exposure  of  the  same  commercial  glues  at 
80“  F,  and  65  percent  relative  humidity  for  30 
months  and  at  158°  F.  and  60  percent  relative 
humidity  for  18  months. 

Although  evidence  obtained  from  48-hour 
soaking  tests  indicates  that  the  resistance  of 
casein  glues  to  short  periods  of  soaking  is  not 
consistently  improved  by  the  addition  of  pre¬ 
servatives,  disinfected  casein-glued  specimens 
have  been  found  to  resist  continuous  soaking 
in  water  better  than  specimens  that  were  much 
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more  easily  attacked  by  bacteria  when  similarly 
exposed.  The  possibility  is  indicated  that  some 
improvement  may  result  from  using  preserva¬ 
tives  that  are  effective  against  bacteria  (4). 
Results  of  prolonged  periods  of  soaking  or 
soaking-drying  cycles  for  casein  glues  contain¬ 
ing  preservative  indicate  that  their  resistance  to 
these  exposures  is  not  widely  different  from 
that  of  ordinary  casein  glues. 

Exposure  of  Joints  Between  Plywood  and 

Framing  Members  Under  Controlled 
Conditions 

Plywood  glued  to  solid  wood  framing  mem¬ 
bers  is  the  basic  building  unit  in  some  of  the 
most  widely  used  prefabricated  housing  sys¬ 
tems.  In  this  unit,  incorporating  the  stressed- 
cover  or  stressed-facing  principle,  the  plywood 
as  well  as  the  framing  carries  a  load  and  the 
strength  of  the  unit  is  dependent  to  a  large 
extent  upon  the  joint  strength  between  the  ply¬ 
wood  and  the  framing. 

A  study,  covering  a  10-year  period,  was 
made  to  develop  information  on  the  perform¬ 
ance  of  glue  joints  between  plywood  and  solid 
members  when  exposed  to  conditions  simulat¬ 
ing  service  of  various  degrees  of  severity. 

Test  Procedure 

Phenol-bonded  Douglas-fir  plywood  panels 
12  by  12  inches  in  area  and  y4  ot  inch  in 
thickness  were  glued  to  nominal,  1-  by  2-inch 
or  2-  by  3-inch  Douglas-fir  framing.  Two 
framing  members,  arranged  in  T-shape,  were 
glued  to  each  panel.  The  grain  of  one  member 
was  perpendicular  and  that  of  the  other  par¬ 
allel  to  the  grain  of  the  face  ply.  Glues  used 
were  casein  to  which  a  preservative  (beta 
naphthol)  had  been  added,  room-temperature- 
setting  urea  resin,  and  hot-setting  phenol  resin 
(alkaline  type). 

Nails  or  a  screw  press  were  used  to  apply 
gluing  pressure  (except  for  the  hot-setting 
phenol,  which  was  hot  pressed). 

Each  specimen  was  subjected  to  one  of  the 
following  cyclic  exposures  repeated  for  a 
period  of  10  years: 

1.  A  month  in  65  percent  relative  humidity 
where  the  moisture  content  of  the  speci¬ 
mens  would  approach  the  12  percent 
level,  followed  by  1  month  in  30  percent 
relative  humidity  (equilibrium  moisture 
content  about  6  percent). 


2.  A  month  in  80  percent  relative  humidity 
(approaching  16  percent  in  moisture  con¬ 
tent)  followed  by  1  month  in  30  percent 
relative  humidity  (drying  to  6  or  7  per¬ 
cent  moisture  content) . 

3.  A  month  in  90  percent  relative  humidity 
(equilibrium  moisture  content  about  20 
percent)  followed  by  1  month  in  65  per¬ 
cent  relative  humidity  (drying  to  about 
12  or  13  percent). 

4.  A  month  in  97  percent  relative  humidity 
(where  the  moisture  content  of  the  speci¬ 
mens  would  rise  considerably  above  20 
percent)  followed  by  1  month  in  30  per¬ 
cent  relative  humidity  (drying  to  6  or  7 
percent) . 

The  temperature  in  all  exposures  was  80®  F. 
At  intervals  throughout  the  exposure  period, 
shear  specimens  were  cut  from  the  panels  for 
tests  on  the  joints  between  the  plywood  and 
the  T  frame.  The  number  of  specimens  taken 
with  the  face  grain  of  the  plywood  parallel  to 
the  framing  member  was  equal  to  the  number 
having  the  face  grain  perpendicular  to  the 
framing  member.  The  conventional  block-shear 
method  was  used,  and  badcing  strips  were 
glued  to  the  side  of  the  plywood  opposite  the 
framing  member  to  prevent  the  plywood  from 
failing  in  compression.  A  number  of  the  speci¬ 
mens  were  tested  without  being  subjected  to 
any  exposure  to  obtain  control  test  values.  In 
the  graphical  presentation  of  the  results  (Fig. 
10)  the  test  values  after  various  exposures  are 
expressed  as  a  percentage  of  those  of  the  con¬ 
trols.  Since  the  results  from  joints  in  which  the 
grain  of  the  framing  members  was  parallel  to 
the  face  grain  of  the  plywood  varied  consider¬ 
ably  from  the  results  with  joints  where  the 
grain  of  the  framing  members  was  perpendic¬ 
ular  to  the  face  grain  of  the  plywood,  the  data 
for  the  two  types  are  shown  separately. 

Results  of  Tests 

The  general  application  of  the  results  of  this 
study  is  somewhat  limited,  because  no  tempera¬ 
tures  higher  than  80®  F.  were  involved  in  any 
of  the  exposure  conditions  and  Douglas-fir 
was  the  only  species  included. 

As  pointed  out  previously,  temperatures  well 
in  excess  of  80®  F.  can  be  expected  in  housing 
panels  under  normal  service  conditions.  If  ex¬ 
posures  to  temperatures  in  the  neighborhood  of 
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Fig.  10. — Shear  strength  of  glue  joints  between  plywood  and  framing 
members  after  various  periods  of  one  of  the  different  cyclic  exposures. 


150°  F.  had  been  included,  a  significantly  dif¬ 
ferent  performance,  especially  of  the  urea-resin 
glue  joints,  would  be  expected  (based  on  the 
results  with  birch  plywood) . 

Joints  fabricated  by  using  nails  to  apply 
gluing  pressure  appeared  to  be  less  reliable 
than  joints  made  in  screw  presses.  Evidence  in 
favor  of  positive  methods  of  applying  gluing 
pressure  was  most  consistent  from  the  results 
of  joints  made  with  room-temperature-setting 
urea  resin  exposed  to  severe  test  conditions;  the 
difference  was  less  marked  in  the  results  of 
tests  on  joints  made  with  casein  glue. 


Resistance  of  glue  joints  between  plywood 
and  framing  members  glued  with  three  glues 
and  subjected  to  four  different  exposure  con¬ 
ditions  is  shown  in  Fig.  10,  Where  no  results 
are  shown  up  to  and  including  10  years’  expo¬ 
sure,  and,  complete  failure  is  not  indicated  by 
the  last  results  shown,  the  number  of  specimens 
made  was  insufficient  to  provide  test  material 
for  the  entire  10-year  period. 

Casein  glue  with  preservative  (beta  naph- 
thol)  maintained  its  strength  reasonably  well 
in  all  exposures  except  in  the  cycle  of  high  and 
low  humidity  (97  percent  relative  humidity 
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Fig.  12. — Relative  durability  of  glued  joints  in  unprotected  plywood  panels  subjected  to  weathering. 


have  run  about  20,  42,  and  48  months  respec¬ 
tively.  During  the  period  of  exposure,  the 
resorcinols  and  melamines  have  maintained 
100  percent  glue- joint  integrity  and  the  forti¬ 
fied  ureas  have  decreased  only  a  slight  amount. 
A  comparison  of  the  performance  of  these 
glues  with  that  of  others  for  similar  periods  of 
exposure  would  indicate  that  good  durability 
can  be  expected  of  resorcinol,  melamine,  and 
probably  also  of  fortified  urea-resin  glues. 

Exposure  Tests  on  Laminated  Beams 
Exposure  of  beams  laminated  from  nominal 
1-inch  lumber  has  proved  to  be  a  dependable 
method  for  determining  the  durability  of  glues. 
More  than  8  years  ago  casein  and  room- 
temperature-setting  urea  resin  were  used  to 
glue  Douglas-fir  and  southern  yellow  pine 
beams  7  by  7  inches  in  cross  section  and  about 
5  feet  long,  consisting  of  nine  laminations  of 
nominal  1-inch  lumber.  The  beams  were  glued 
at  approximately  12  percent  moisture  content 
and  subjected  to  several  conditions,  including 
outdoor  exposure  and  exposure  in  an  unheated 
shed.  At  intervals  sections  were  removed  from 
the  ends  of  these  beams  and  cut  into  block- 
shear  specimens  that  were  tested,  after  condi¬ 
tioning  to  approximately  12  percent  moisture 
ctmtent,  to  determine  the  strength  of  the  glued 
joints. 


During  the  early  part  of  World  War  II,  ex¬ 
tensive  studies  were  begun  to  determme  the 
suitability  of  various  glues  for  laminating  white 
oak,  Douglas-fir,  and  southern  yellow  pine  for 
use  under  exterior  conditions,  ^veral  hundred 
beams  4  feet  long  and  6  by  6  or  8  by  10  inches 
in  cross  section  were  laminated  with  resorcinol, 
intermediate-temperature-setting  phenol,  and 
intermediate-temperature-setting  melamine-resin 
glues  and  cured  at  various  temperatures.  Sec¬ 
tions  from  these  beams  were  tested  in  the  dry 
condition  (about  12  percent  moisture  content) 
to  determine  the  original  shear  strength  of  the 
glue  joints.  The  beams  themselves  were  ex¬ 
posed  outdoors  or  immersed  in  salt  water  with¬ 
out  protection  except  that  one  end  was  painted. 
At  intervals  a  short  section  was  removed  from 
the  painted  end  to  provide  material  for  shear 
testing  and  the  cut  end  was  repainted  before 
further  exposure.  The  shear  specimens  were 
conditioned  to  12  percent  moisture  content 
before  being  tested.  The  unpainted  end  of  the 
beam  was  inspected  regularly  for  evidence  of 
delamination. 

Results  of  Laminated  Beam  Exposure  Tests 
Exposure  to  covered,  unheated  conditions. — 
Shear-test  results  of  joints  made  with  casein 
(without  preservative)  and  room-temperature¬ 
setting  urea  resin  exposed  to  covered,  unheatcd 
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conditions  for  periods  up  to  8  years  are  given 
in  Table  1.  Under  these  conditions,  both  types 
of  glue  maintained  high  joint  strength  and 
wood  failure  on  the  two  softwood  species  in¬ 
volved  throughout  the  exposure  period  and 
there  was  no  indication  of  deterioration  in 
bond  quality  with  prolonged  exposure  with 
either  glue. 

Table  1. — Durability  of  Joints  in  Unpainted, 
Laminated  Beams  Exposed  to  Covered, 
Unheated  Conditions 

Southern  yellow  pine  Douglae-fir 


Average  Average 

Ezpoaure  ahear  Wood  shear  Wood 

period  strength  failure  strength  failure 

Months  p.s.i.  Percent  p^i.  Percent 

Casein  without  preservative 

0 .  1,684  91  1,751  97 

6 .  1, 603  93  1, 660  98 

12 .  1,729  70  1,796  96 

18 .  1, 821  86  1, 932  88 

30 .  1, 669  88  1, 698  90 

48 .  1, 689  86  1, 622  98 

60 .  1, 612  84  1, 424  92 

96 .  1, 596  84  1, 648  91 

Room-temperature-setting  urea  resin 

0 .  1, 466  84  1, 669  97 

6 .  1.664  96  1,600  94 

12 . . .  1,  861  96  1, 627  98 

18 .  2, 014  86  1. 767  86 

30 .  1, 663  97  1, 578  93 

48 .  1,774  92  1,696  92 

60 .  1,718  98  1,287  94 

96 .  1,814  96  1,600  82 


Table  2. — Durability  of  Joints  in  Unpainted, 
Laminated  Beams  Under  Outdoor  Exposure 


Southern  yellow  pine  Douglaa-fir 


Expoaure 

Average 

■hear 

Wood 

Average 

shear 

Wood 

period 

strength 

failure 

strength 

failure 

Months 

p.s.i. 

Percent 

p.s.i. 

Percent 

0 . 

Cssein  without  preservstive 
1. 735  96  1. 791 

94 

6 . 

944 

52 

1,487 

99 

12 . 

1,268 

70 

1,625 

86 

18 . 

1,664 

76 

1,693 

77 

30 . 

444 

21 

1, 394 

97 

48 . 

0 

0 

1,800 

97 

60 . 

1,224 

80 

96 . - 

— 

1,  269 

87 

0 . 

Room-temperature-aetting  urea  resin 

1, 423  83  1. 664  100 

6 . 

1,061 

78 

1,096 

100 

12 . 

1, 076 

71 

1. 066 

100 

18 . 

1,294 

89 

1. 277 

88 

SO . 

762 

77 

871 

89 

48 . 

480 

56 

861 

82 

60 . 

462 

39 

640 

62 

96 . 

0 

0 

774 

73 

0 . 

Resorcinol-resin  glue‘  cured  at  80*  F. 

1. 867  82  1. 461  93 

4 . 

1,646 

82 

1, 869 

91 

8 . 

1,688 

88 

1,811 

91 

12 . 

1,728 

84 

1,834 

91 

36 . 

1,671 

91 

1, 861 

93 

Intermediate-tempwature-setting  phenol-resin 
glue>  cured  at  80*  F. 


0 . 

— .  2,061 

71 

1,638 

89 

4 . 

_  1. 626 

78 

1,863 

87 

8 . 

_  1. 674 

78 

1,840 

89 

12 . 

_  1. 670 

79 

1,890 

88 

36 . 

....  1,691 

86 

1,187 

96 

‘These  results  are  averages  for  several  beams  each  glued  arith 
a  different  formulation  of  this  type  of  glue. 


Exposure  to  outdoor  conditions. — ^Under  out¬ 
door  exposure,  casein  and  urea-resin  glue 
bonds  deteriorated  gradually,  as  shown  in 
Table  2.  In  southern  yellow  pine,  joints  glued 
with  casein  and  urea  resin  deteriorated  in  a 
similar  manner,  although  the  urea-glued  joints 
retained  k  measurable  strei\gth  longer  than  did 
the  casein  joints.  In  Douglas-fir,  casein  per¬ 
formed  markedly  better  than  urea.  In  8  years 
the  urea-glued  joints  in  Douglas-fir  had 
dropped  to  less  tlun  50  percent  of  their  orig¬ 
inal  strength,  whereas  the  casein-glued  joints 
had  retained  about  70  percent. 

A  comparison  of  results  for  the  two  species 
(Table  2)  shows  that  the  joints  in  Douglas-fir 
were  somewhat  more  durable  than  those  in 
southern  yellow  pine  when  glued  with  either 
casein  or  urea  resin,  and  especially  so  when 
glued  with  casein.  This  difference  may  have 
been  due  to  differences  in  moisture  content  ob¬ 
served  throughout  the  period  of  exposure. 
Although  all  beams  were  glued  at  approxi¬ 
mately  12  percent  moisture  content,  the  range 
of  moisture  content  throughout  the  period 
varied:  for  southern  yellow  pine  from  about 
14  to  30  percent  and  for  Douglas-fir  from 
about  12  to  19  percent.  The  higher  moisture 
content  in  the  pine  beams  favors  the  develop¬ 
ment  of  molds  and  other  micro-organisms 
known  to  be  detrimental  to  casein  glue  and 
possibly  also  to  urea-resin  glues. 

Results  of  visual  examination  of  the  beams 
showed  that  considerable  delamination  devel¬ 
oped  in  some  of  the  joints  after  only  a  few 
months  of  exposure,  although  other  joints  were 
intact  and  maintained  high  shear  values.  Even 
though  the  average  shear  strength  of  the 
Douglas-fir  beams  glued  with  casein  (which 
were  the  most  durable)  was  high  after  8  years 
of  exposure,  considerable  delamination  had 
developed  in  the  beams. 

Results  of  the  studies  to  determine  the  suit¬ 
ability  of  glues  in  laminating  for  exterior 
service  indicated  that  resistance  to  delamination 
on  outdoor  exposures  is  a  more  critical  test  of 
glue-joint  durability  than  retention  of  sl^ar 
strength  under  continuous  soaking  in  either 
fresh  or  salt  water  (10).  These  studies  also 
established  the  need  for  higher  bond  quality  to 
develop  maximum  resistance  to  delamination  in 
laminated  oak  members  than  is  indicated  by 
plywood  tests.  Tbe  studies  showed  further  that 
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various  degrees  of  cure  may  be  required  with 
resin  glues  to  develop  bonds  adequately  durable 
for  exterior  service  depending  upon  the  species 
being  bonded.  When  gluing  white  oak,  for  ex¬ 
ample,  with  intermediate-temperature-setting 
phenol  resin  for  exterior  use,  a  curing  tempera¬ 
ture  of  190°  F.  maintained  for  about  10  hours 
was  found  to  be  necessary.  When  used  on  a 
softwood  species  such  as  Douglas-fir,  however, 
adequate  bond  for  outdoor  use  was  obtained 
with  these  glues  at  a  curing  temperature  of 
80°  F.  maintained  for  about  20  hours  (7). 
Resorcinol  resins  produced  adequate  bonds  for 
exterior  use  in  white  oak  when  cured  at  140°  F. 
and  similar  durability  with  joints  in  softwoods 
was  obtained  when  these  glues  were  cured  at 
temperatures  ranging  from  70°  F.  to  80°  F. 

Results  of  shear  tests  on  Douglas-fir  and 
southern  yellow  pine  beams  glued  with  resor¬ 
cinol  and  intermediate-temperature-setting  phe¬ 
nol-resin  glues  and  exposed  unprotected  to  the 
weather  are  given  in  Table  2.  There  was  gen¬ 
erally  a  slight  decrease  in  strength  with  ex¬ 


tended  exposures  which  was  probably  due  to 
checking  and  weakening  of  the  wood,  but  in 
no  case  was  there  any  falling  off  in  wood 
failure,  indicating  that  the  glue  bond  strength 
was  maintained  without  deterioration. 

Fig.  13  shows  a  6-  by  6-inch  Douglas-fir 
beam  glued  with  an  intermediate-temperature¬ 
setting  phenol-resin  glue  and  exposed  to  the 
weather  for  3  years.  The  wood  had  checked 
considerably,  but  there  was  no  appreciable 
glue-joint  failure  althougji  the  checks  were  in 
some,  cases  close  to  the  joints.  An  oak  beam 
made  with  a  similar  type  of  glue  but  cured  at 
190°  F.  is  shown  in  Fig.  14.  This  beam  was  8 
by  10  inches  in  cross  section  and  had  been 
exposed  to  the  weather  for  4  years  when  the 
picture  was  taken.  In  this  beam,  also,  consider¬ 
able  checking  had  developed,  indicating  that 
severe  stresses  had  been  exerted  on  the  joints; 
nevertheless,  the  joints  wer^  almost  entirely 
free  from  glue  failure. 

The  beams  shown  in  Figs.  13  and  14  are 
typical  of  a  large  number  of  specimens  glued 


with  intermediate-temperature-setting  phenol-, 
melamine-,  or  resorcinol-resin  glues  and  simi¬ 
larly  exposed,  and  their  performance  indicates 
that  glue  joints  made  with  these  glues  are  as 
durable  as  the  wood  in  any  type  of  service 
when  ^ell  made. 

Summary  and  Recommendations 

With  certain  types  of  glues  there  is  definite 
deterioration  of  the  bond  as  the  exposure  be¬ 
comes  more  severe  either  in  temperature  or 
moisti’re  conditions,  while  others  appear  to 
maintain  a  bond  equal  to  the  strength  of  the 
wood  under  any  type  of  exposure. 

Casein  glue  (unpreserved)  performed  well 
in  all  tests  where  protection  from  high  humid¬ 
ity  or  direct  wetting  was  aflForded.  Under  out¬ 
door  conditions,  however,  or  where  high 
humidities,  either  continuous  or  intermittent, 
were  involved,  casein  glue  joints  failed.  Casein 
glue  containing  preservative  showed  greater 
resistance  to  high  humidities  than  unpreserved 
casein,  but  did  not  attain  the  permanence  of 
the  more  durable  resin  glues  under  conditions 


favoring  mold  growth.  The  addition  of  a  pre¬ 
servative  retarded  but  did  not  prevent  destruc¬ 
tion  of  casein  glue  bonds  under  damp  condi¬ 
tions.  Consequently,  casein  glue  is  not  consid¬ 
ered  suitable  for  exterior  use  in  house  con¬ 
struction  or  for  interior  use  where  the  moisture 
content  of  the  wood  may  be  expected  to  exceed 
about  20  percent  for  repeated  or  prolonged 
periods. 

Room-temperature-setting  urea- resin  glues 
showed  greater  resistance  to  intermittent  soak¬ 
ing  than  casein  glue.  Where  high  temperature 
or  high  humidity,  and  especially  a  combination 
of  the  two,  was  involved,  however,  urea-resin 
glue  joints  failed.  In  laminated  construction  on 
softwoods,  urea-resin  glue  joints  retained  their 
original  strength  throughout  an  8-year  period 
of  exposure  in  an  unheated  open  shed  but 
failed  or  weakened  seriously  with  the  same 
species  in  much  less  time  when  exposed  unpro¬ 
tected  outdoors.  Urea  glue  joints  between  ply¬ 
wood  and  framing  members  (both  £>ouglas-fir) 
failed  in  less  than  10  years  when  exposed  inter¬ 
mittently  to  90  percent  relative  humidity  (mois- 


Fig.  14. — Laminated  white  oak  beam  glued  with  an  intermediate-temperatuie-setting  phenol  cured  at  190’ 
F.  and  exposed  unprotected  to  the  weather  for  4  years 
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ture  content  approaching  20  percent)  and  63 
percent  relative  humidity  (moisture  content 
approaching  12  percent)  at  a  constant  temper¬ 
ature  of  80®  F.  In  the  mild  exposure  of  65 
percent  relative  humidity  and  80®  F.,  urea 
resin  was  the  only  one  among  eight  types  of 
glues  tested  to  show  a  definite  decrease  in  both 
strength  values  and  percentage  of  wood  failure 
over  the  period  investigated.  Hence  the  data 
available  on  the  performance  of  urea-resin 
glue  joints  under  conditions  of  service  com¬ 
parable  to  those  that  are  likely  to  be  encoun¬ 
tered  in  a  house  cast  doubt  on  their  suitability 
for  use  in  permanent  house  construction. 

Hot-setting  urea  resins  in  general  have 
shown  somewhat  better  durability  than  the 
room-temperature-setting  ones.  Their  resistance  ' 
to  high  temperature  and  high  humidity,  how¬ 
ever,  is  not  sufficient  to  establish  their  service¬ 
ability  for  uses  where  long-term  permanence, 
such  as  house  construction,  is  required. 

Joints  made  with  fortified  hot-press  urea 
resin  in  general  are  more  durable  than  the 
straight  urea  resins,  but  under  certain  condi¬ 
tions  of  exposure  they  are  less  durable  than 
phenol,  melamine,  and  resorcinol  resins. 

Tests  on  phenol-resin  glue  joints  up  to  about 
10  years  have  proven  their  permanence  under 
any  conditions  where  wood  is  a  suitable  mate¬ 
rial.  Since  melamine  and  resorcinol-resin  glue 
joints  have  performed  similarly  to  those  made 
with  phenols  during  the  time  they  have  been 
undergoing  tests,  it  is  reasonable  to  expect  that 
they  are  similar  to  the  phenols  in  permanence. 
The  durability  and  low-temperature  curing 
characteristics  of  resorcinols  and  certain  phenol- 
resorcinol  combinations  (often  marketed  as 
intermediate-temperature-setting  phenols)  make 
these  glues  superior  to  other  adhesives  avail¬ 
able  for  constructions  where  the  choice  of  glue 
is  limited  to  those  that  set  at  room  temperature. 
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Radio  Frequency  Application  Problems  of 
Furniture  Manufacturers* 

Jack  B.  Cunningham 

President,  Woodwelding,  Inc.,  Burbank,  California 

The  contribution  of  hi^  freqtiency  heating  techniques  to  the  production  of  furniture  is  becoming  more 
generalljr  recoipiiaed.  It  is  tne  purpose  of  this  paper  to  describe  and  illustrate  the  application  of  various  high 
frequency  heating,  techniques  in  the  production  of  various  fumitutc  items  by  a  nnmber  of  manufacturers. 

Introduction  The  chest  end  was  designed  for  automatic 


A  PROGRAM  of  research  with  the  objec¬ 
tive  of  achieving  superior  low  cost  pro¬ 
duction  has  been  undertaken  in  many 
furniture  manufacturing  plants  recently.  The 
furniture  manufacturer  renders  a  great  service 
to  the  buying  public  by  creating  or  causing  the 
creation  of  new  production  assembly  tooling  to 
offset  the  increased  cost  of  labor  and  materials. 

The  woodworking  machinery  manufacturers 
and  other  engineering  consultants  combine 
their  experience  with  the  furniture  manufac¬ 
turer  to  design  and  construct  ways  and  means 
for  cost  reduction  by  increasing  speed  of  pro¬ 
duction  and  reducing  man  hours  for  assembly 
operations. 

The  furniture  manufacturer  offsets  the  loss 
of  skilled  workers  by  the  use  of  precision 
mechanical  and  electronic  equipment  that  may 
be  operated  by  less  skilled  men  to  produce  a 
superior  quality  product.  This  change  seems  to 
be  natural  because  new  methods  and  materials 
bring  forth  a  craftsman  whose  lack  in  knowl¬ 
edge  of  hand  carving  and  hand  fitting  of  com¬ 
ponent  assemblies  are  oflFset  by  a  scientific 
knowledge  of  production  methods  and  tool 
design. 

Radio  Frequency  Application  Problems  as 
Solved  by  a  Few  Furniture 
Manufacturing  Firms 

Example  1 

The  problem  of  furniture  manufacturer  A 
was  to  prevent  increased  labor  and  material 
costs  from  reflecting  in  retail  sales  price  of  a 
bedroom  chest.  The  manufacturing  require¬ 
ments  being  500  chests  per  day  called  for  stra¬ 
tegic  planning  by  the  manufacturer. 

*  Presented  by  title  only. 


shaper  operation  upon  removal  from  high  fre¬ 
quency  press  and  conveyor  line,  thus  eliminat¬ 
ing  dual  handling  costs  and  humidified  room 
storage.  It  has  been  proven  that  the  desired 
equilibrium  moisture  content  can  be  held  to 
plus  or  minus  one-half  of  one  percent  by  high 
frequency  assembly,  deleting  the  humidity  con¬ 
trolled  storage  room. 

Material  costs  could  not  be  reduced  and 
maintain  a  high  quality  standard.  Staining  and 
finishing  methods  were  of  the  highest  quality, 
and  no  labor  or  material  cost  reduction  was 
available  in  this  department. 

The  designer  for  the  company  suggested  re¬ 
designing  the  chest  for  greater  appeal  and  at 
the  same  time  for  rapid  production  assembly  in 
an  automatic  woodwelder  high  frequency  press. 
Having  used  the  smaller  portable  Woodwelder 
in  satisfactory  production  for  a  period  of  3 
years,  it  seemed  logical  that  a  hi^er  powered 
Woodwelder  coupled  to  an  automatic  hydraulic 
pressure  assembly  jig  would  solve  the  problem 
because  time  study  had  shown  this  to  be  the 
only  means  of  lowering  production  costs  and 
not  quality.  Fig.  1  shows  the  chest-end 
assembly-press,  which  is  capable  of  producing 
1000  chest  ends  per  day  with  a  resultant  labor 
saving  to  prevent  price  increase. 

Example  2 

The  problem  of  furniture  manufacturer  B 
was  to  assemble  miter  joints  on  a  production 
basis,  fabricating  200  assemblies  per  day  with 
no  rejection  caused  by  joint  slippage  or 
unequal  pressure. 

The  owner  of  the  company  takes  pride  in 
designing  outstanding  furniture  pieces  and  in 
doing  so  demands  of  his  woricmen  quality 
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assembly  and  finishing.  The  miter  joint  design 
called  for  high  cost  production  by  standard 
methods  of  assembly  of  designing  production 
tooling  to  lower  man  hours  of  assembly  time. 
The  latter  was  decided  upon,  and  Fig.  2  de¬ 
picts  the  universal  case  clamp  and  Woodwelder 
electrodes  incorporated  therein.  The  Wood- 
welders  were  first  used  by  this  company  in  the 
early  war  years  on  aircraft  production.  The 
manufacture  of  the  invasion  glider  and  radio 
television  controlled  glide  bomb  were  the  out¬ 
standing  achievements  of  this  company.  They 
have  continued  use  of  the  Woodwelder  since 
that  time  on  furniture  and  radio  console  manu¬ 
facture. 

Example  3 

The  problem  of  furniture  manufacturer  C 
was  the  repair  of  damaged  furniture,  which 
often  required  replacement  of  full  panels  and 
a  large  floor  space  for  repairs.  This  same  type 
of  damage  frequently  resulted  in  delay  of  ship¬ 
ment. 

This  problem,  encountered  by  all  furniture 
manufacturers,  was  solved  first  by  this  concern 
nearly  four  years  past  when  they  purchased 
their  first  Woodwelder  and  were  able  to  make 
repairs  without  removing  furniture  from  the 
conveyor  line.  Fig.  3  shows  the  hand  gun  and 
Woodwelder  in  use  repairing  chipped  veneer. 

Deep  dents  in  wood  may  be  removed  by 
applying  a  few  drops  of  water  in  a  dent  and 
applying  a  fibreglass  shoe  electrode  to  surface. 
Instant  steaming  will  allow  the  wood  fibers  to 
return  to  their  natural  position. 

Example  4 

The  problem  of  this  manufacturer  was  the 
assembly  of  miter  joints  and  edge  banding  with 
thin  veneer  to  produce  an  outstanding  piece  of 
modern  furniture  as  shown  in  Figs.  4A  and  4B 
without  the  use  of  nails  and  screws,  as  nails 
are  used  only  in  lower  quality  furniture. 

They  solved  their  assembly  problem  by  use 
of  a  case  clamp  shown  in  Fig.  4C.  This  clamp, 
operating  with  adjustable  air  cylinders,  clamps 
electrodes  to  all  miter  corners  for  adequate 
pressure  and  curing  glue  line  at  the  same  time 
with  stray  field  electrodes. 

Example  5 

The  problem  of  this  concern  was  to  com¬ 
plete  and  install  all  furniture  and  fixtures  in  a 


new  department  store  during  the  period  of 
shortage  of  lumber  and  plywood.  This  $300,000 
contract  job  with  date  of  completion  specified 
and  guaranteed  was  completed  on  schedule 
when  the  contractor  discovered  that  Wood¬ 
welding  dielectric  equipment  would  come  to 
the  rescue  after  scarce  plywood  and  lumber 
arrived. 

Furniture  and  fixtures  of  the  type  shown  in 
Fig.  3  were  assembled,  installed  and  finished 
on  the  job  as  the  building  was  being  con¬ 
structed.  A  case  clamp  similar  to  that  shown  in 
Fig.  4C  was  used  for  assembly  of  %-inch  ply¬ 
wood  miter  joint  cases  where  drawer  slides  and 
drawers  were  installed  upon  removal  from  case 
clamp  and  were  followed  by  lacquer  finishing 
group.  A  saving  of  $90,000  resulted  from  the 
use  of  the  Woodwelders  and  proper  tooling. 

Example  6 

Problem  encountered  by  a  manufacturing 
concern  of  Milano,  Italy: 

Inlaying  craftsmanship  in  Italy  is  unexcelled, 
but  cost  reduction  was  necessary  to  meet  world 
wide  competition  of  other  furniture  designs. 
Mass  production  of  inlaid  furniture  was  un¬ 
known  until  the  firm  installed  Woodwelders 
and  tooling  to  speed  up  production. 

Fig.  6  shows  the  type  of  furniture  fabricated 
and  assembled  by  tooling  installed  by  the  firm 
of  Woodwelding  Italiana  of  Milan,  Italy.  By 
the  use  of  a  melamine  urea-resin  glue,  the  inlay 
can  be  spot  tacked  by  using  a  small  high  fre¬ 
quency  hand  gun  with  ball  point  electrodes. 
The  panel  is  then  inserted  into  a  hydraulic 
press  where  stray  field  electrodes  imbedded  in 
silicone  complete  final  cure. 

Example  7 

Sales  demand  of  modern  furniture  called  for 
increased  floor  space  to  meet  schedule.  The  un¬ 
availability  of  this  needed  space  demanded  a 
production  flow,  synchronized  with  proper 
equipment,  to  triple  production  in  same  floor 
space. 

Figs.  7A,  7B,  and  7C  show  Woodwelder 
and  hand  gun  operators  completing  glue  line 
cure,  after  removal  from  clamp  where  spot 
taddng  locked  the  joint  sufliciently  for  imme¬ 
diate  transfer  to  assembly  line.  Repairing  of 
damaged  veneer  was  accomplished  in  the  same 
operation. 
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Fig.  7B. 
387 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Example  8 

The  West  Coast  demand  for  modern  furni¬ 
ture  brought  forth  a  complete  change  in  man¬ 
ufacturing  technique  for  this  concern.  Fig.  8 
shows  a  piece  of  modem  furniture  prefabri¬ 
cated  in  sub-assembly  for  final  assembly  on  the 
production  line.  The  workman  acquired  skill 
in  applying  thin  veneers  and  in  edgebanding 
this  furniture  with  hand  gun  used  in  an  iron¬ 
ing  movement.  By  using  urea  glues  with  high 


solids,  contact  pressure  of  glass  shoe  electrode 
smoothed  the  thin  veneer  on  like  wallpaper. 

Conclusion 

From  the  applications  encountered  in  the 
furniture  industry,  it  is  evident  that  many’ are 
accomplished  at  a  lower  cost  by  methods  other 
than  high  frequency  installations.  In  other  in¬ 
stances  high  frequency  equipment  versatile 
enough  to  do  many  fabrication  jobs  have  cre¬ 
ated  a  difference  between  profit  and  loss. 
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TECHNICAL  SESSION  V 
Wednesday,  May  4,  1949,  9:00  A.  M. 

General  Subject:  Industrial  Research  and  Development 

Chairman:  Carl  H.  Rishell,  Director  of  Research,  National  Lumber  Man¬ 
ufacturers  Association,  Washington,  D.  C.  (Southeast  Regional  Board 
Member,  FPRS) 

Recorder:  D.  L.  Haynes,  Pack  River  Lumber  Company,  Sand  Point,  Idaho 
( Chairman,  Inland  Empire  Section,  FPRS ) 
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Significance  of  Research  to  Industry 

C.  D.  Dosker 

Gamble  Bros.,  Inc.,  Louisville,  Kentucky 

The  forest  products  industries  have  made  relatively  little  investment  in  research  in  the  past,  far  leas  than 
has  been  investra  by  producers  of  pto^cu  competkive  with  wood.  The  Forest  Products  Research  Society  can 
be  a  strong  force  in  direaing  attention  to  developmentt  resulting  from  research  and  research  needs.  The 
stimulation  of  research  interest  resulting  from  Socieiv  aaivity  already  is  being  felt,  but  it  needs  to  be  increased 
manyfold  before  the  forest  products  industries  are  abreast  ot  competitors  and  are  in  a  position  to  compete  not 
only  in  markea  but  in  attracting  to  the  industries  the  type  of  research  talent  needed  to  insure  progress  in 
developments. 


The  subject  assigned  me  is  very  general 
in  its  scope,  and  I  will  confine  myself  to 
the  significance  of  research  to  the  forest 
products  industry. 

We,  who  are  assembled  here,  are  members  of 
the  Forest  Products  Research  Society.  As  scien¬ 
tific  societies  go,  we  are  very  young;  as  a  matter 
of  fact,  we  are  an  infant.  The  products,  how¬ 
ever,  which  this  Society  represents  are  ageless 
in  their  service  to  mankind. 

The  formation  of  the  Forest  Products  Re¬ 
search  Society  is  probably  the  most  significant 
thing  that  has  ever  happened  to  this  industry. 
The  effect  of  this  organization  is  bound  to 
make  itself  felt  not  only  on  the  economy  of  ou: 
industry  but  on  the  economy  of  our  entire 
country.  This  Society  is  of  tremendous  impor¬ 
tance  to  those  who  use  the  products  of  the 
forest  in  any  form. 

Research  in  forest  products  is  divesting  wood 
of  the  garments  of  tradition,  and  at  last  we  are 
viewing  it  as  a  basic  raw  material  capable  of 
untold  products  that  will  benefit  mankind. 

This  Society  has  greatly  increased  its  mem¬ 
bership  since  its  organization.  This  is  signifi¬ 
cant  because  it  indicates  a  desire,  or  urge,  if  you 
choose,  for  increased  knowledge  about  wood, 
a  recognition  of  a  need,  a  realization  of  the 
need  to  a  scientific  approach  to  many  of  our 
problems.  We  are,  as  a  society,  a  group  that  is 
the  outgrowth  of  the  impact  of  World  War  II 
upon  the  wood-using  industry.  Many  of  us 
actively  participated  in  some  of  the  research 
work  that  was  done  on  wood  during  i-he  war. 

Effect  of  Wars  on  Research 

It  is  rather  interesting  to  note  that  through¬ 
out  history  wars  have  had  a  tremendous  influ¬ 
ence  upon  scientific  development.  I  believe  that 


it  IS  safe  to  say  that  organized  research  had  its 
beginning  in  the  United  States  in  1863.  In  that 
year,  by  act  of  Congress,  the  National  Academy 
of  Sciences  was  formed.  Its  purposes  were  to 
investigate  and  report  upon  scientific  sugges¬ 
tions.  Again  in  1916,  the  National  Research 
Council  was  formed  by  the  National  Academy 
of  Sciences,  broadening  the  scope  of  research. 
Developments  during  World  War  II  continued 
this  trend  in  research  organization. 

In  every  war  man  hours  of  effort  are  packed 
into  research  at  a  rate  many  times  the  rate  of 
normal  research  in  peacetime  economy.  It  was 
so  in  World  War  II,  and  products  and  proc¬ 
esses  developed  for  war  now  are  being  con¬ 
verted  into  peacetime  needs. 

It  has  been  stated,  and  I  believe  it  is  unques¬ 
tionably  true,  that  scientific  knowledge  ad¬ 
vanced  20  years  as  a  result  of  World  War  II. 
This  is  particularly  true  in  the  case  of  wood, 
and  it  is  a  very  important  thing  to  remember 
in  connection  with  our  industry.  Some  degree 
of  the  amount  of  this  work  can  be  obtained  by 
simply  looking  through  the  "Forest  Products 
Research  Guide”.  This  guide  to  research  is 
published  by  the  National  Lumber  Manufac¬ 
turers  Association  in  an  effort  to  avoid  research 
duplication,  and  to  give  source  material.  It  is 
being  kept  strictly  current.  No  laboratory  or 
individual  interested  in  research  should  be 
without  this  guide. 

Present  Limitations  of  Knowledge 

We  believe  in  wood.  We  do  more  than  this; 
we  believe  in  the  future  of  wood  as  a  raw 
material  of  rather  unlimited  possibilities.  If  we 
are  honest,  we  will  recognize  the  current  limi¬ 
tations  of  our  knowledge  of  wood  as  a  raw 
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material  and  of  the  extreme  importance  of  in¬ 
creasing  this  knowledge. 

Much  of  this  knowledge  which  we  must 
acquire  is  basic.  There  is  a  tremendous  job  that 
must  be  done  in  the  chemical  field  in  qualita¬ 
tive  and  quantitative  analysis  of  the  various 
species  of  wood.  Before  we  can  combine  wood 
with  other  materials,  we  must  know  what  we 
are  putting  into  this  combination.  We  must 
know  the  answers  to  such  interesting  little 
problems  as  why  the  sap  of  the  hard  maple 
produces  an  edible  syrup,  when  on  the  same 
land  the  adjacent  oak  tree  produces  an  entirely 
different  sap. 

We  must  yet  learn  how  to  stabilize  wood  by 
a  cheap  commercial  process.  We  do  not  yet 
know  how  to  fireproof  wood  by  any  simple 
process.  We  still  do  not  understand  the  com¬ 
plexities  of  photo-synthesis.  We  have  yet  much 
to  learn  about  the  potential  possibilities  of 
hybrid  trees.  We  need  complete  knowledge  of 
the  chemistry  of  wood. 

We  all  see  and  feel  the  need  for  more  re¬ 
search  in  wood.  What  we  have  not  yet  discov¬ 
ered  is  the  means  of  breaking  down  the  leth¬ 
argy  that  grips  so  many  phases  of  the  wood¬ 
using  industry.  As  an  industry,  it  has  been  in 
a  deep  sleep,  drugged  by  the  traditions  of  its 
ancient  crafts.  The  masterpieces  in  wood  are 
works  performed  by  hand.  Skill  widi  the  hand 
and  not  the  head,  practical  knowledge  that  has 
not  necessarily  been  correct,  has  guided  this  in¬ 
dustry  in  its  course  throughout  the  centuries. 
We  do  it  a  certain  way  because  grandpa  did  it 
that  way.  As  an  industry,  we  suffer  from  a  dis¬ 
ease  I  call  "Grandpapyitis”.  As  an  industry, 
we  must  awaken  to  see  those  new  horizons  of 
products  and  processes  that  can  flow  from  the 
research,  laboratory. 

The  industrial  revolution  started  in  this 
country  shortly  after  the  Civil  War.  With  it 
came  ^e  nuchine  age,  the  first  of  the  mechan¬ 
ized  woodworking  tools,  but  really  little  prog¬ 
ress  has  been  made  in  the  tools  of  our  industry. 
New  methods,  new  tools,  new  processes  have 
been  developed  by  those  industries  competing 
with  wood  in  the  consumer  markets.  We,  the 
Rip  Van  Winkle  of  industry,  are  at  last  rub¬ 
bing  our  eyes  to  take  a  look  around  us.  This  is 
significant. 


What  Is  Research.’ 

What  is  research?  That  is  a  good  question, 
and  to  it  there  is  no  single  simple  answer. 
Research  means  many  different  things  to  dif¬ 
ferent  people.  Let  us  recognize  one  very  im¬ 
portant  fact,  "people  think  as  they  are  taught 
to  think,  and  see  what  they  are  taught  to  see”. 
We  in  the  Forest  Products  Research  Society 
must  do  something  about  this  very  important 
fact  if  we  would  seek  to  vitalize  our  industry. 

I  have  always  considered  that  research  falls 
into  two  classes.  The  first  is  basic  research, 
dealing  in  the  fundamentals  of  wood  as  a  raw 
material.  It  is  a  time-consuming  and  money¬ 
consuming  job  and  can  best  be  done  by  pub¬ 
licly  financed  laboratories  or  by  institutional 
research.  The  second  class  of  research  is  that 
which  most  vitally  effects  industry,  and  this  is 
product  research  or  product  development. 

These  two  types  of  research  combine  to  form 
a  tool  of  industrial  management.  Both  types  of 
research  are  essential,  but  it  is  the  product  re¬ 
search  that  carries  the  accomplishment,  of  basic 
research  to  its  final  destiny — the  products  in 
the  channels  of  commerce  for  better  living. 

Expenditures  for  Researdi 

It  is  very  difficult  to  determine  the  actual 
amount  of  money  spent  annually  in  research  in 
our  country.  Those  sources  of  information  that 
I  have  chedced  indicate  that  the  annual  ex¬ 
penditure  is  from  |180,000,000  to  $230,- 
000,000.  There  is  a  vast  difference  in  the 
amount  spent  in  various  industries.  In  some 
industries  as  much  as  2  cents  out  of  every  sales 
dollar  goes  back  into  research.  Generally,  it  is 
nearer  1  cent.  Those  industries  which  are  most 
progressive  are  also  those  which  spend  the  most 
in  research.  It  is  rather  interesting  to  note  that 
the  textile  industry  and  the  lumber  industry  are 
among  the  lowest  in  all  major  industries  in  the 
amount  of  money  spent  for  research. 

How  pitifully  small  is  the  amount  spent  in 
forest  products  research  in  comparison  to  the 
value  of  its  products.  There  is  no  clearing 
house  within  our  industry  by  which  the  total 
amount  that  is  invested  in  research  can  be  de¬ 
termined.  In  the  guessing  contests  that  I  have 
had  with  many  individuals  within  our  industry 
it  seems  agreed  that  at  the  present  time  less 
than  $3,000,000  is  being  spent  annually.  It  is 
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a  guess,  and  it  includes  the  funds  expended 
by  the  United  States  Forest  Service,  which 
amount  to  arormd  $1,230,000  a  year. 

In  1946,  the  last  for  which  total  figures  are 
available,  the  estimated  mill  value  of 
36,500,000,000  feet  of  lumber  produced  was 
$1,400,000,000.  This  is  lumber  only  and  does 
not  include  veneer,  plywood,  pulpwood,  rail¬ 
road  ties,  and  other  products  of  the  forest. 
The  average  mill  value  of  the  lumber  is  esti¬ 
mated  at  $40.00  per  thousand  feet.  One  per¬ 
cent  of  this  would  have  been  40^  per  thou¬ 
sand  feet;  of  1  percent  would  have  amouiited 
to  more  than  $7,250,000,  which  the  lumber 
industry  should,  in  my  opinion,  have  expended. 

Some  Needed  Research 

You  might  ask  how  a  sum  like  this  could 
have  been  wisely  used?  Let  me  just  suggest  a 
few  problems  requiring  study: 

What  about  low  grade  lumber?  All  phases 
of  the  lumber  producing  industry  worry  about 
it.  Who  is  going  to  use  this  lumber  and  for 
what  products?  Is  the  low  grade  lumber  prob¬ 
lem  a  passing  one?  No,  of  course  not,  it  is  an 
ever  increasing  one.  It  will  get  worse,  not 
better.  A  tremendous  job  in  market  research, 
product  research,  and  process  research  is  needed 
in  this  case. 

What  about  hybrid  trees  for  tree  farms? 
Hybridization  did  a  job  for  the  com  grower. 

What  about  fireproofing  of  constmction  lum¬ 
ber?  Each  year  we  see  lumber  legislated  out  of 
the  constmction  fields.  We  spend  money  de¬ 
fensively  fighting  building  code  regulations. 
Why  not  try  a  new  approach  and  develop  a 
cheap,  efficient  method  of  producing  a  highly 
fire-retardant  constmctimi  lumber?  Where 
could  you  spend  $7,000,000  in  constmctive  re¬ 
search?  That  is  not  the  problem.  The  problem 
is  where  to  start  first. 

Even  an  uneducated  farmer  knows  that  you 
caimot  continue  to  take  from  the  soil  without 
fertilizing.  As  all  the  forest  products  industry 
is  farming,  research  is  the  tool  by  which  the 
soil  of  markets  can  be  fertilized  and  dollars 
spent  in  research  is  fertilizer. 

Louis  Pasteur  once  said,  "Science  is  the  soul 
of  the  prosperity  of  nations  and  the  living 
source  of  progress”.  What  is  tme  of  nations 
is  also  tme  of  the  industrial  segments  that  com¬ 


prise  those  nations.  We  are  engaged  in  an  in¬ 
dustry  that  is  notoriously  non-technical.  Most  of 
its  concepts  are  traditional. 

Research  Men 

Let  us  examine  for  a  moment  the  men  who 
operate  this  "tool  of  management”  that  we 
call  research.  There  are  about  50,000  of  them 
in  our  country,  the  scientists  who  work  in  1,800- 
private  and  pubic  laboratories.  They  are  the 
men  who  keep  the  wheels  of  the  more  progres¬ 
sive  industries  turning  at  full  speed.  Far  too 
few  of  them  are  engaged  in  our  industry. 

What  is  the  power  that  makes  a  researcher 
tick?  Well,  I  feel  that  the  urge  to  research  is 
an  irresistible  force  motivating  a  curious  mind 
to  seek  an  unpredictable  answer  to  a  problem. 
The  mental  fuel  upon  which  all  research  lives 
is  "why”.  The  antidote  to  excessive  enthusiasm 
is  "How  do  you  know”. 

Knowledge  alone  does  not  qualify  the  scien¬ 
tist  to  engage  in  research.  The  qualification  for 
research  is  knowledge  "plus”,  and  it  is  a  great 
big  "plus”,  and  that  "plus”  is  imagination.  No 
new  product  or  no  new  process  can  come  from 
the  laboratory  until  it  has  first  been  "imag- 
ineered”  and  then  engineered.  To  do  this  re¬ 
quires  a  vast  scientific  knowledge  of  materials 
and  processes  and  the  imagination  to  combine 
them. 

While  many  important  discoveries  are  the 
result  of  pure  chance,  you  cannot  depend  on 
chance  to  answer  your  problem.  Hours  of 
repetitive  drudgery  in  experimentation,  careful 
observation  of  minute  details,  and  logical  inter¬ 
pretation  of  results  produce  ultimate  answers. 

I  have  previously  said  that  ,  "people  think 
as  they  are  taught  to  think,  and  see  what  they 
are  taught  to  see”.  It  is  in  this  statement  that 
I  believe  we  can  find  the  answer  to  the  problem 
of  research  in  the  forest  products  industry.  In 
it  alone  you  can  find  the  reason  that  accounts 
for  the  fact  that  many  processes  and  products 
completed  in  the  laboratory  and  ready  for  pilot 
plant  operation  continue  to  lie  dormant.  What 
is  more  discouraging  to  a  researcher  than  the 
"stillbirth”  of  an  idea.  Why  should  many  of 
the  products  and  many  of  the  processes  still  lie 
unused.  The  answer  is  obvious.  The  wood¬ 
worker  has  never  been  told  to  think  in  terms 
of  the  benefit  that  accrue  to  him  from  research. 
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In  his  myopic  vision  he  cannot  see  what  is 
going  on  in  those  competitive  industries  which 
are  stealing  his  markets. 

A  Change  in  Habit  of  Seeing  and  Thinking 

The  prime  function  of  this  Society  within 
the  next  few  years  must  be  to  change  the  think¬ 
ing  and  the  seeing  habits  of  the  men  in  the 
woodworking  industry.  They  must,  as  an  in¬ 
dustry,  be  taught  the  significance  of  research. 
They  must  be  shown  the  myriad  of  products 
and  processes  that  lie  on  the  frontiers  ahead. 

No  matter  to  what  extent  money  and  time 
are  spent  in  research,  no  beneficial  results  can 
accrue  to  any  industry  until  that  industry  itself 
has  the  capacity  to  absorb  and  utilize  this 
research.  By  capacity,  I  do  not  mean  size  of 
industry.  I  mean  mental  capacity  within  man¬ 
agement.  You  cannot  pour  5  galltms  of  prod¬ 
ucts  or  processes  into  a  1 -gallon  can.  You  can¬ 
not  pour  3  gallons  of  knowledge  into  a  cranium 
that  will  only  hold  1  gallon.  We  must  attract 
to  this  industry  more  men  with  a  scientific 
background  if  we  are  going  to  plant  research 
on  soil  that  will  be  productive.  That,  gentle¬ 
men,  is  the  problem  of  the  Forest  Product  Re¬ 
search  Society.  This  Society  is  the  stepping 
stone  by  which  this  industry  can  be  supplied 
with  containers  adequate  to  hold  these  new 
products  and  processes. 

It  is  not  enough  that  management  alone 
must  have  this  capacity,  it.  must  extend  to  the 
plant  level.  The  plant  level  is  the  "use”  level, 
and  understanding  at  this  level  is  essential. 

To  me  this  matter  of  thinking  and  seeing, 
this  matter  of  capacity,  is  the  outstandingly  sig¬ 
nificant  thing  in  regard  to  research  in  the  forest 
products  industry. 

Discussion 

H.  R.  Sheppard,  Jr.  (Mellon  Institute)  :  As 
a  researcher,  I  feel  that  one  of  the  first  projects 
or  groups  of  projects  that  should  be  undertaken 
by  forest  products  research  groups  should  be 
concerned  with  obtaining  the  statistical  infor¬ 
mation  that  is  necessary  to  plan  and  evaluate 
properly  their  research  work.  This  information 
is  particularly  necessary  where  product  develop¬ 
ment  programs  are  undertaken  in  which  wood 
is  used  substantially  as  it  is  found  naturally. 
Typical  projects  are  concerned  with  fire-proof¬ 


ing,  dimensional  stabilization,  rot  and  termite 
protection,  and  many  others.  As  a  rule  this  in¬ 
formation  can  be  published  for  the  good  of  the 
industry  without  jeopardizing  the  individual’s 
research  work. 

Mr.  Dosker:  I  certainly  agree  with  Mr. 
Sheppard  that  it  is  first  important  to  obtain  sta¬ 
tistical  information  to  plan  and  evaluate  prop¬ 
erly  any  research  involving  product  develop¬ 
ment.  You  must  determine  whether  the  im¬ 
proved  product  can  substantially  expand  cur¬ 
rent  markets.  Will  the  improved  product  help 
protect  existing  markets  from  loss  to  substitute 
materials?  To  do  product  development  with¬ 
out  knowing  what  you  are  trying  to  develop  is 
a  waste  of  time  and  effort. 

Much  information  is  already  available  if  you 
knew  where  to  look  for  it.  The  "Forest  Prod¬ 
ucts  Research  Guide”,  published  by  the  Na¬ 
tional  Lumber  Manufacturers  Association,  can 
be  very  helpful  in  the  determining  of  the  avail¬ 
ability  of  existing  information.  Nobody  should 
engage  in  research  in  wood  without  an  exami¬ 
nation  of  existing  reports  of  work  already  done. 

L.  R.  van  Allen  (L.  R.  van  Allen  Company) : 
"Old  Grandpappyism,”  as  Mr.  Dosker  puts  it, 
is  holding  back  the  veneer  manufacturing  and 
wood  products  industry  in  general.  An  inven¬ 
tive  concern  can  provide  the  results  of  10  years 
of  actual  work  on  an  important  problem. 

We  believe  a  case  in  point  is  where  the 
wood  products  producers  have  shucked  off  to 
the  finishes  manufacturers  (paint  and  varnish 
and  lacquer  makers)  the  responsibility  of  giv¬ 
ing  uniform  coloring  and  desired  light  color¬ 
ing  to  ready-to-market  products.  The  finishes 
manufacturers  are  glad  to  get  that  responsi¬ 
bility  but  weak  in  ability  to  handle  it — but  they 
get  the  money  for  trying  it. 

Our  story  is;  Many  American  grown  woods 
can  be  brought  to  equal  or  excel  in  beauty  of 
color  any  foreign  grown  wood.  Our  contention 
is  that  correction  of  color  to  desired  light 
shades  is  not  necessarily  a  job  for  the  finishing 
departments  of  store  equipment  builders,  fur¬ 
niture  makers  and  wood  production  of  other 
sorts. 

Sure!  They’ll  tell  you  "we  never  did  it  be¬ 
fore,  so  we  don’t  have  to  do  it  now.”  Is  that 
progress?  Just  because  50  million  American 
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men  wear  hats  modeled  from  toilet  seats  and 
have  not  tried  to  get  their  empty  heads  covered 
by  any  other  style,  only  proves  nobody  wants  to 
make  a  new  move.  Neither  will  a  wooden¬ 
headed  wood  products  man  get  out  of  the  rut 
and  be  progressive.  Well-proven  processes  are 
available  for  results  very  much  worthwhile,  but 
not  for  nothing.  Anything  worth  something 
costs  something. 

A  producer  of  small  pieces,  such  as  handles, 
etc.,  as  well  as  veneer  cutters,  can  put  in  simple 
additions  to  equipment  and  be  in  a  position  to 
offer  something  better  than  ever  before.  Better 
products  bring  more  money.  Light-color  woods 
are  salable.  An  inventive  concern  can  iprovide 
the  results  of  over  10  years  of  actual  work  on 
an  important  problem.  But  the  concern  wants 
to  work  under  contract  with  mutual  benefit  and 


protection  clauses.  Grandpappy  wouldn’t  sign 
it — but  "Grandpappyism”  isn’t  producing  any 
results. 

Mr.  Dosker:  Mr.  van  Allen  is  certainly  cor¬ 
rect  when  he  states  that  the  wood  products 
manufacturers  too  frequently  pass  the  respon¬ 
sibility  for  product  improvement  back  to  the 
suppliers  of  products  used  in  processing. 

'The  proper  finishing  of  a  product  for  market- 
consumption  is  an  important  step  in  the  manu¬ 
facture  of  that  product.  Too  many  manufac¬ 
turers  using  wood  are  inclined  to  tell  the  con¬ 
sumer  that  "here  it  is — take  it”  rather  than 
point  out  the  inherent  qualities  of  the  raw  mate¬ 
rial  that  may  add  to  its  beauty  and  utility.  Too 
many  wood  products  manufacturers  are  too 
willing  ”to  let  George  do  it.”  George  won’t  do 
it,  so  the  product  becomes  static. 
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Research  and  Creative  Business  Management 

W.  Arnold  Hosmer 

Projessor  of  Business  Administration,  Graduate  School  of  Business  Administration,  Harvard  University, 
Soldiers  Field,  Boston  63,  Massachusetts 

Creative  business  management  can  be  as  important  in  development  and  expansion  of  industries  as  research, 
and  greatest  progress  is  made  when  creative  business  management  and  research  are  closely  integrated.  Hie 
advantages  of  intenated  wood-ptoduct-manufacturin^  operations  are  pointed  out,  and  the  possibility  of  esub- 
lisbing  small  wood-udlizing  centers  in  localities  havmg  available  timber  resources  and  adjacent  to  good  markets 
are  ex]dored.  The  forest  products  industries  have  been  below  other  industries  in  pmiapating  in  the  business 
development,  but  there  are  indications  that  conditions  are  ripe  for  a  rate  of  industrial  development  somewhat 
greater  than  that  to  be  cnpccted  for  industry  as  a  whole. 


Effective  industrial  operation  at  the 
point  of  application  requires  creative 
thinking  both  in  technical  research  and  in 
business  management.  The  conditions  which 
make  possible  creative  thinking  in  physical, 
chemical,  and  biological  research  have  received 
substantial  attention;  it  might  be  of  interest 
to  you  if  I  examine  the  conditions  under  which 
business  management  is  creative  and  the  rea¬ 
sons  for  those  conditions.  I  shall  also  make 
observations  on  the  relation  between  technical 
research  and  management.  The  emphasis,  of 
course,  will  be  on  the  forest  industries. 

The  historical  trend  of  American  industry 
has  been  notably  creative.  For  the  last  50 
years  production  per  capita  has  increased  2  per¬ 
cent  per  year  compounded  annually,  after  suit¬ 
able  adjustment  for  changes  in  the  price  level. 
Apparently  the  increase  in  productivity  through 
most  of  the  19th  century  was  of  about  the 
same  order,  although  the  statistical  data  are 
not  complete  enough  for  us  to  be  sure  of  the 
rate.  But  production  per  employed  worker  per 
hour  in  terms  of  1940  dollars  was  about  17.3 
cents  in  1850,  35.7  cents  in  1900,  and  74 
cents  in  1940,  with  an  estimate  of  89  cents  in 
1948.1 

This  is  an  outstanding  achievement,  the  basis 
for  the  standard  of  living  provided  by  our 
business  structure  for  the  American  people.  It 
is  in  part,  but  only  in  part,  a  matter  of  tech- 

ij.  Frederick  Dewhurst  and  Associates,  Americas 
Needs  and  Resources,  Twentieth  Century  Fund, 
1947,  p.  23. 

Solomon  Fabricant,  The  Output  of  Manufacturing 
Industries,  1899-1937,  National  Bureau  of  Economic 
Research,  1940. 

Solomon  Fabricant,  Discussion  Leader,  The  Miracle 
of  Productivity,  Studies  in  Business  Economics,  No. 
9,  National  Industrial  Conference  Board,  1947,  p.  6. 


nology.  It  would  be  quite  fruitless  for  us  to 
argue  whether  technical  development  or  busi¬ 
ness  management  is  the  principal  factor;  the 
result  is  accomplished  only  through  a  creative 
integration  of  both. 

Business  management  as  a  partner  in  this 
process  may  vary  all  the  way  from  a  stodgy  in¬ 
sistence  on  traditional  methods  to  the  chief 
source  of  significant  developments.  Both  situa¬ 
tions  typically  exist  in  each  industry  at  the 
same  time,  although  one  or  the  other  may  be 
dominant.  What  are  the  reasons  for  the  dif¬ 
ference? 

In  the  first  place  every  management  group 
consists  of  people  trying  to  get  things  done 
through  people.  All  of  the  persons  concerned 
have  established  habits  and  patterns  of  thought 
and  action.  It  is  unrealistic  to  expect  innova¬ 
tions  to  be  put  into  practice  until  they  have 
been  accepted,  logically  and  emotionally,  by  a 
substantial  proportion  of  the  group. 

Second,  the  persons  whose  decisions  count 
for  most  in  any  management  group, — the  presi¬ 
dents,  general  managers,  and  production  man¬ 
agers,  for  instance, — are  typically  in  the  latter 
half  of  their  business  careers.  The  habits  and 
patterns  of  thought  of  a  man  of  60  were 
typically  established  30  or  more  years  previ¬ 
ously.  This  is  one  of  the  reasons  for  the  nor¬ 
mal  time  lag  of  half  a  generation  or  a  full  gen¬ 
eration  in  adopting  a  broad  new  conception, 
such  as  sustained  yield  forestry. 

Furthermore,  traditional  methods  of  opera¬ 
tion  have,  by  definition,  worked — possibly  not 
well,  but  they  have  worked.  The  burden  of 
proof  thus  rests  on  those  who  propose  an  in¬ 
novation  to  demonstrate  that  it  will  work  bet¬ 
ter  than  the  traditional  method.  As  an  essential 
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element  of  the  innovation  they  should  be  pre¬ 
pared  to  bear  the  burden  of  proof. 

All  of  you  are  abundantly  familiar  with  the 
fact  that  new  methods  have  bugs,  often  not 
seen  at  the  beginning,  which  have  to  be  ironed 
out.  Getting  them  out  is  a  further  reason  for 
the  time  lag  of  half  a  generation  or  more  be¬ 
tween  the  original  conception  and  final  use. 
This  fact  is  particularly  important  from  the 
business  point  of  view  because  business  man¬ 
agement  must  of  necessity  appraise  the  risks 
involved  before  committing  the  funds  and 
efforts  of  an  enterprise  to  a  new  venture. 

This  is  particularly  true  if  the  new  venture 
has  been  conceived  solely  on  a  technical  basis 
without  a  careful  business  analysis  of  markets 
and  marketing  organizations,  production  diffi¬ 
culties,  investment  in  new  facilities,  availability 
of  raw  materials,  and  the  margin  between  total 
cost  and  the  net  price  to  be  realized. 

In  spite  of  all  difficulties  to  be  overcome, 
industry  has  been  able  to  increase  productivity 
for  over  a  century,  as  already  observed,  at  a 
compound  interest  rate  of  2  percent.  In  the 
earlier  years  this  depended  on  that  small  per¬ 
centage  of  individuals  who  had  the  imagina¬ 
tion  and  knowledge  to  conceive  new  methods 
or  products,  combined  with  the  drive  and  busi¬ 
ness  capacity  to  put  them  into  effect;  or  it  de¬ 
pended  on  a  small  group  which  cooperated  to 
provide  the  requisite  abilities.  But  both  types 
of  ability  had  to  be  applied. 

A  story  about  the  early  days  of  industrial 
research  is  intriguing.  About  1910  Mr.  Alan- 
son  Houghton,  president  of  the  Corning  Glass 
Works,  engaged  a  young  glass  chemist.  Dr. 
Eugene  Sullivan,  and  established  him  in  a  lab¬ 
oratory.  Coming  made  a  large  proportion  of 
the  lantern  globes  used  on  American  railroads. 
When  a  brakeman  held  a  lantern  out  sideways 
to  signal  the  engineer  the  flame  hit  one  side 
of  the  glass  while  rain  or  snow  hit  the  other 
side  and  the  globe  broke.  Mr.  Houghton  said 
there  must  be  some  one  type  of  glass  best  suited 
to  resist  these  conditions  and  suggested  Dr.  Sul¬ 
livan  find  out  about  it.  Dr.  Sullivan  soon  dis¬ 
covered  that  the  coeflicient  of  expansion  was 
the  critical  factor  and  developed  a  glass  with 
a  low  coeflicient  of  expansion.  The  new  lan¬ 
tern  globes  could  take  it,  but  more  important, 
Pyrex  glass  was  born,  with  applications  all  the 


way  from  cooking  vessels  to  the  200-inch  disc 
in  the  telescope  on  Mt.  Palomar. 

In  this  instance  Mr.  Houghton  stated  the 
problem,  retained  a  highly  competent  person 
and  provided  the  requisite  facilities  for  his 
work.  We  have  here  a  further  instance  of  co¬ 
operation  between  technical  and  business  think¬ 
ing,  which  incidentally  proved  highly  profitable. 

It  is  true,  with  notably  few  exceptions,  that- 
enterprises  which  have  developed  industrial  re¬ 
search  departments  over  the  last  40  years  are 
leaders  in  their  industries.  Research  depart¬ 
ments  properly  integrated  with  industrial  oper¬ 
ations  are  an  important,  almost  an  essential 
means  of  maintaining  a  favorable  competitive 
position. 

By  competitive  position  I  mean  the  ability  to 
produce  and  sell  a  better  product  at  a  lower 
cost  than  competitors.  This  is  the  source  of 
profit  and  industrial  strength,  regardless  of 
corporate  size, — whether  it  be  paper,  electric 
motors,  or  lumber. 

This  matter  of  competitive  position  gener¬ 
ates  a  driving  force  which  is  one  of  the  main 
reasons  for  the  dynamic  quality  of  American 
industry.  All  of  you  have  seen  the  process  in 
operation,  but  its  essential  dynamic  quality  is 
not  always  entirely  clear.  Let  us  suppose  that 
15  firms  compete  in  supplying  kraft  paper  in 
northeastern  markets,  ^veral  of  them  have 
costs  which  are  about  the  same  and  yield  a 
net  return  per  ton  which  might  be  described 
as  normal  for  the  industry  imder  existing  cost 
and  price  conditions.  One  or  more  companies 
have  difficulty  in  getting  adequate  supplies  of 
pulpwood  at  a  reasonable  price,  have  obsolete 
mills  and  possibly  managements  unduly  bound 
by  tradition ;  their  costs  are  just  below  the  high 
prices  of  1947  and  1948.  At  the  other  end  of 
the  scale  are  companies  which  have  made  judi¬ 
cious  long-term  arrangements  for  pulpwood, 
have  new  and  well  conceived  mills  and  man¬ 
agements  alert  to  take  full  advantage  of  new 
techniques  and  new  management  methods. 
Then  prices  decline.  The  high-cost  mills  are 
producing  at  a  loss  and  are  making  every  effort 
to  better  their  position,  but  the  very  fact  of 
high  cost  engenders  financial  weakness  and 
makes  the  construction  of  new  mills  difficult. 
The  middle  group  are  also  concerned  with 
plans  to  improve  their  competitive  position,  lest 
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in  the  future  they  become  marginal.  The  low 
cost  firms  are  actively  engaged  in  technical  re¬ 
search  and  the  development  of  management 
methods  to  meet  the  specifications  of  customers 
more  exactly  and  to  get  a  still  more  favorable 
cost  position.  The  process  is  to  a  considerable 
extent  cumulative,  because  the  low  cost  firms 
have,  by  the  very  fact  of  low  cost,  greater 
financial  strength  for  research,  management 
and  the  construction  of  new  facilities. 

This  striving  for  competitive  position  is  an 
entirely  normal,  natural  process,  going  on  at 
dozens  of  points  in  the  forest  products  indus¬ 
tries,  and  at  hundreds  of  points  in  American 
industry  as  a  whole.  It  is  a  devil-take-the- 
hindmost  process,  rigorous,  but  on  the  whole 
highly  effective  as  a  dynamic  force. 

I  am  engaged  at  present  on  a  case  study  of 
the  cost  of  pulpwood  in  a  series  of  companies 
with  the  objective  of  having  specific  figures  on 
this  component  of  paper  cost.  None  of  the 
cases  are  available  yet,  but  one  or  more  of 
them  may  be  by  the  time  of  the  meeting. 

Modern  management  has  to  operate  in  in¬ 
dustries  where  competitive  position  cannot  be 
ignored.  Successful  managements  have  devised 
means  for  integrating  planned  industrial  devel¬ 
opment  in  raw  material  acquisitions,  getting 
out  the  production,  quality  control,  cost  con¬ 
trol  through  standard  costs  and  budgets,  effec¬ 
tive  selling,  research,  finance  and  the  problems 
of  over-all  management. 

Time  does  not  serve  to  describe  these  man¬ 
agement  methods  in  detail,  but  they  have  one 
common  element;  they  call  for  able,  well- 
trained  men  in  charge  at  every  stage  of  the 
operation  and  in  all  fields.  The  better  man¬ 
aged  a  company  is  the  greater  is  the  opportunity 
which  this  competitive  process  provides  for 
able  men. 

There  is  a  further  common  element  in  that 
integration  between  business  management  and 
technical  considerations  is  called  for  at  every 
stage  of  operations.  For  instance,  suppose  a 
company  is  considering  the  installation  of  a 
new  kraft  paper  machine  in  an  existing  mill. 
The  decision  whether  to  invest  in  a  new  paper 
machine  and  accessory  equipment  is  a  policy 
decision;  it  depends  on  a  multitude  of  factors, 
the  type  and  prospective  cost  of  pulpwood,  now 
and  over  a  long  term  of  years  in  the  future. 


pulping  capacity,  stream  pollution,  the  cost  and 
availability  of  water  and  power,  the  availability 
of  skilled  labor  and  of  competent  manage-  « 
ment.  The  market  must  be  appraised  for  the 
type  of  paper  proposed  to  be  made,  including 
freight  rates  to  the  principal  market  areas, 
prospective  price  structures  over  a  term  of  years 
and  the  relation  of  this  machine  to  the  capacity 
already  in  existence  or  likely  to  be  built  by 
competitors.  Finally  a  decision  must  be  made 
whether  in  view  of  the  certainty  of  taxes  and 
the  uncertainty  of  everything  else  in  business 
it  is  a  wise  exercise  of  fiduciary  responsibility 
to  invest  funds  belonging  to  a  multitude  of 
people  in  a  very  expensive  new  machine.  It  i:. 
in  terms  of  business  considerations  that  all  o. 
the  technical  factors  are  integrated  in  a  final 
decision. 

Even  in  a  single  component, — whether  the 
machine  is  to  be  designed  to  operate  at  speeds 
over  1,500  feet, — the  same  process  of  integra¬ 
tion  can  be  observed.  Technical  problems  in 
forming  paper  at  such  speeds,  getting  the  water 
out  within  a  reasonable  length  of  wife,  and 
wobble  of  rolls,  might  be  overcome  for  a  ma¬ 
chine  ruiming  permanently  on  a  single  speci¬ 
fication,  but  if  the  sales  department  is  going  to 
ask  for  average  runs  of  5  hours  the  waste  in 
change-over  will  use  up  any  possible  advantage 
from  pushing  the  speed  up  to  new  limits. 

As  I  appraise  the  situation  in  the  forest 
products  industries  in  comparison  with  other 
industries,  I  strongly  suspect  that  the  rate  of 
industrial  development  in  the  past  has  been 
somewhat  below  that,  for  instance,  in  the 
metalworking  industries.  Possibly  certain  sec¬ 
tions  of  the  paper  industry  are  an  exception. 
The  reasons  for  this  relatively  late  development 
are  by  no  means  wholly  clear.  I  should  appre¬ 
ciate  having  your  judgment  on  this  point. 

It  would  also  appear  that  industrial  develop¬ 
ment  in  the  forest  products  industries  in  the 
next  20  years  is  likely  to  be  particularly  rapid. 
The  research  of  the  last  40  years  in  silviculture 
and  of  the  last  25  years  in  utilization  is  likely 
to  bear  fruit.  There'  is  substantial  evidence  that 
conditions  are  ripe  for  rather  notable  changes 
in  this  industry,  and  I  strongly  suspect  that 
they  will  be,  on  the  whole,  along  the  lines 
which  students  of  forestry  have  been  advocat¬ 
ing  for  years. 
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A  period  of  notable  industrial  development 
is  by  no  means  an  unmixed  blessing;  it  creates 
grave  problems  for  those  firms  and  individuals 
who  do  not  participate  in  the  change.  But 
such  a  period  also  creates  outstanding  oppor¬ 
tunities  for  alert  and  well-managed  companies 
and  for  men  of  ability.  The  final  beneficiary 
is  the  whole  community,  whether  as  producers 
or  as  consumers. 

W^e  might  examine  a  few  instances  of  devel¬ 
opments  already  under  way,  or  which  are  likely 
to  appear  in  the  future.  One  of  these  is  in 
raw  material,  for  it  is  a  common  characteristic 
of  all  forest  products  industries  that  they  are 
dependent  on  the  forests  for  raw  material. 

Most  of  you  are  familiar,  I  take  it,  with  the 
sustained  yield  forestry  and  integrated  utiliza¬ 
tion  practiced  by  the  Crossett  Lumber  Company 
in  its  operations  in  the  shortleaf-Ioblolly  pine 
area  in  southeastern  Arkansas.^  Apparently 
selective  cutting  and  sustained  yield  were  dis¬ 
cussed  as  early  as  1920;  a  definite  policy  put¬ 
ting  the^  into  effect  was  adopted  in  1934. 
Here  we  have  an  instance  of  somewhat  less 
than  the  half-generation  time  lag  referred  to 
above.  Cutting  is  on  an  8-10  year  cycle  with 
each  tree  appraised  as  to  its  growth  possibili¬ 
ties  over  the  next  cycle  before  it  is  marked 
for  cutting,  or  left.  It  was  expected  that  costs 
of  recovery  would  increase  under  selective  cut¬ 
ting,  but  actually  they  declined. 

Saw  logs  from  these  holdings  of  some 
500,000  acres  go  to  a  notably  well-planned 
sawmill.  Limbed  tops,  thinnings,  and  bowed 
or  defective  logs  of  pine  go  to  a  300-ton  kraft 
mill,  while  hardwoods  not  of  saw  log  quality 
go  to  a  wood  distillation  plant. 

This  kind  of  arrangement  not  only  provides 
for  complete  utilization  but  also  facilitates  a 
flexible  determination  of  the  most  effective  use 
for  each  type  of  material.  In  other  operations 
one  occasionally  sees  sapface  yellow  birch  worth 
$180-1200  going  through  a  chipper  because 
there  are  no  facilities  for  sawing  it.  I  venture 
the  assertion  that  in  the  heavy  competition  to  be 
expected  in  the  next  20  years  a  pulp  mill  not 
integrated  with  a  sawmill  will  have  difficulty 
in  meeting  competitive  ^osts. 

*  S.  V.  Sihvonen,  Rau  Material  Supply  for  Inte¬ 
grated  Wood  Utilization  Crofsett,  F.  P.  R.  S.  Proc., 
3  (1949). 


A  person  widely  conversant  with  the  south¬ 
ern  shortleaf-Ioblolly  pine  area  has  told  me 
that  sustained  yield  methods  proved  in  practice 
in  the  Crossett  operations  are  now  in  use  on 
5,000,000  acres  and  that  he  expects  adaptations 
and  improvements  on  these  methods  to  spread 
in  15  years  over  50,000,000  acres.  This  is  a 
normal  development,  in  which  an  industrial 
process,  proved  in  one  instance,  tends  to  spread, 
by  virtue  of  the  dynamics  of  competition.  He 
also  observed  that  with  a  general  use  of  soundly 
conceived  sustained  yield  forestry,  the  southern 
pine  area  can  produce  more  lumber  of  a  higher 
quality  than  it  did  from  virgin  stands. 

I  wonder  if  a  New  Englander,  even  though 
a  Harvard  man,  may  be  permitted  to  take 
pride  in  the  contribution  of  the  Yale  School  of 
Forestry  to  the  developments  at  Crossett? 

In  the  hardwood  field  there  are  a  number 
of  very  efficient  operations,  but  I  have  not  yet 
seen  a  fully  integrated  sustained  yield  opera¬ 
tion.  There  would  seem  to  be  a  place  in  the 
competitive  structure  for  a  series  of  small  firms 
specially  organized  to  deal  effectively  with  the 
multiple  products  to  be  derived  from  mixed 
hardwood  forests.  I  analyzed  some  phases  of 
this  problem  in  an  article  "Business  Organiza¬ 
tion  for  Effective  Use  of  Forest  Products”  in 
the  Harvard  Business  Review  for  September, 
1948. 

The  type  of  organization  described  therein 
as  an  hypothesis  is  one  of  about  100  persons 
operating  in  a  radius  of  about  20  miles.  It 
might  own  some  land,  but  would  operate  pri¬ 
marily  on  stumpage  contract,  cutting  being 
done  in  part  by  farmers  and  local  contractors 
and  in  part  by  woods  crews  from  the  central 
organization.  It  is  important  that  all  cutting 
be  on  a  long-term,  sustained-yield  basis  under 
the  supervision  of  competent  foresters. 

All  material  would  be  brought  to  a  central 
mill  for  processing  to  meet  the  exact  specifica¬ 
tions  of  wood-using  industries,  or  in  some  in¬ 
stances  for  sale  to  ultimate  consumers.  Provi¬ 
sions  for  effective  quality  control  are  essential. 
A  forest  recovery  operation  is  similar  to  a 
meat-packing  plant  in  that  the  material  natur¬ 
ally  produces  multiple  products.  The  cost  of 
main  products  can  be  brought  to  the  lowest 
feasible  point  only  by  an  aggressive  develop¬ 
ment  of  net  recovery  on  joint  products. 
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Quality  control,  direct  cost  reduction,  and 
the  utilization  of  joint  products  throw  heavy 
weight  on  management.  Even  in  an  enterprise 
employing  only  100  persons  a  management 
team  of  8  to  10  men  would  seem  to  be  essen¬ 
tial  to  effective  operation.  It  would  be  the 
function  of  the  sales  manager  to  know  what 
could  be  sold  where,  and  in  just  what  form; 
of  the  production  manager  to  meet  specifica¬ 
tions  for  the  highest  end  use  from  the  material 
available,  and  of  the  forester  to  see  that  raw 
materials  came  in  at  the  lowest  possible  cost, 
from  a  type  of  cutting  emphasizing  the  long¬ 
term  interest  of  the  stands.  The  function  of  the 
research  director  in  the  development  of  prod¬ 
ucts  and  processes  would  be  integrated  with  the 
entire  operation.  The  controller  should  be 
thoroughly  conversant  with  modern  methods 
of  cost  control  particularly  in  joint  product 
industries.  A  management  team  of  this  nature 
would  cost  $60,000  to  $75,000  a  year.  This  is 
heavy  for  a  small  business,  but  possibly  it  is 
not  too  large  relative  to  what  the  management 
can  produce. 

Can  a  group  of  enterprises  of  this  sort 
establish  a  favorable  competitive  position  in 
the  structure  of  the  industry?  Research  is  under 
way  to  throw  added  light  on  this  problem,  in¬ 
cluding  a  study  of  the  market  for  standard 
lumber  parts  and  products  and  an  examination 
of  the  cost  and  price  structure  under  New  Eng¬ 
land  conditions  from  the  stump  to  the  finished 
product.  Then  a  corresponding  study  of  con¬ 
version  costs  should  indicate  available  margins 
and  prospects.  If  the  results  of  the  business 
research  appear  favorable,  it  will  be  highly 
useful  if  funds  become  available  for  industrial 
experimentation. 

The  prospect  for  small  multiple-product  re¬ 
covery  enterprises  leads  to  a  problem  in  pur¬ 
chasing  policy.  Many  of  the  large  industrial 
companies  in  other  fields  have  developed  a  pol¬ 
icy  in  purchasing  materials  and  subcontracting 
parts  in  which  attention  is  concentrated  on 
long-term  sources  of  high-grade  materials  from 
efficient,  reliable  producers,  instead  of  on  the 
lowest  price  for  each  order.  Care  is  taken  to 
see  that  prices  are  not  driven  below  the  point 
at  which  efficient  suppliers  can  maintain  in¬ 
dustrial  strength,  and  orders  are  timed  with 
reliable  firms  so  that  their'  production  schedules 


cari  be  set  up  efficiently.  There  is  rigorous  com¬ 
petition  among  suppliers,  but  of  a  constructive 
sort;  over  a  long  term  it  shows  more  favorable 
results  in  cost  and  quality  of  material  than  an 
attempt  to  buy  each  order  at  the  lowest  pos¬ 
sible  price.  Instances  of  constructive  long-term 
arrangements  with  suppliers  can  be  observed 
in  the  furniture  industry,  but  I  wonder  if  the 
practice  is  as  widespread  as  it  should  be?  It 
would  be  interesting  to  have  additional  opin¬ 
ions  on  this  point  from  men  purchasing  lumber 
for  furniture  companies. 

We  have  discussed  competitive  position  so 
far  on  an  individual  firm  basis,  but  there  is 
another  aspect  which  I  shall  refer  to  as  "stump 
to  consumer  competition.”  It  occurs  in  the 
paper  and  lumber  industries,  but  we  might 
draw  illustrations  from  furniture  manufactur¬ 
ing.  It  may  be  that  Mississippi  hardwood  is 
milled  in  Memphis,  manufactured  into  furni¬ 
ture  in  Grand  Rapids,  and  sold  through  depart¬ 
ment  stores  in  Washington  and  New  York. 
There  are  certain  advantages  in  this  process,  be¬ 
cause  each  step  is  carried  on  by  a  specialist,  and 
manufacturing  is  in  large  volume.  But  in  North 
Girolina  or  New  England  there  may  be  manu¬ 
facturers  who  get  their  lumber  from  an  inte¬ 
grated  operation  within  100  miles,  manufacture 
in  a  small  town,  and  sell  their  product  within 
200  miles.  The  competitive  position  is  not 
simply  that  of  the  individual  firms,  but  of 
whole  chains  of  firms  including  retail  distrib¬ 
utors.  Relative  shifts  of  the  balance  of  advan¬ 
tage  will  affect  the  whole  structure  of  the  in¬ 
dustry.  It  is  interesting  to  speculate  whether  a 
solution  of  the  quality  control  and  cost  prob¬ 
lems  in  dimension  stock  would  enable  the 
established  furniture  centers,  such  as  Gardner, 
Jamestown  and  Grand  Rapids,  to  obtain  more 
of  ..their  material  requirements  as  finished  parts 
from  producers  in  the  growing  area.  I  hope 
to  obtain  the  judgment  of  some  of  our  hosts 
at  this  meeting  on  this  interregional  compe-' 
tition. 

May  I  depart  for  a  moment  from  the  affairs 
of  the  market  place  to  point  out  how  well 
adapted  many  parts  of  the  forest  products  in¬ 
dustries  are  to  one  of  ;  he  newest  developments 
in  business, — ^that  one  ff  the  principal  factors 
in  the  success  of  an  eir  *rprise  is  in  the  living 
conditions  of  the  peofli  who  work  there.  Let 
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us  envisage  a  general  location  for  an  enter¬ 
prise  chosen  with  due  regard  for  available  for¬ 
est  areas,  transportation,  markets  and  possibly 
water  power.  But  within  the  general  location 
let  us  envisage  a  site,  away  from  existing  towns, 
chosen  because  it  can  be  made  a  beautiful  place 
to  live.  The  community  developed  there  should 
be  complete — homes,  stores,  a  church,  inn, 
town  hall  and  a  mill  architecturally  and  in 
function  an  integral  part  of  the  community. 
With  local  material  available  other  plants  prob¬ 
ably  would  be  required,  possibly  for  furniture 
factories.  In  my  own  region  such  a  conununity 
might  be  a  classic  New  England  village,  with 
somewhat  the  spirit  of  Old  Deerfield. 

At  first  glance  this  conception  may  appear 
impractical,  but  if  administered  with  the  skill 
and  insight  it  deserves,  an  enterprise  so  located 
would  have  a  waiting  list  for  every  position 
available.  It  is  quite  possible  that  a  business 


with  these  advantages  could  establish  a  highly 
favorable  competitive  position  as  a  firm  founda¬ 
tion  for  the  whole  community. 

In  summary,  we  may  look  forward  with  con¬ 
fidence  to  the  forest  products  industries  par¬ 
ticipating  in  the  dynamic  business  development 
of  American  industry.  In  fact  evidence  indi¬ 
cates  that  conditions  are  ripe  for  a  rate  of  in¬ 
dustrial  development  somewhat  greater  than 
that  to  be  expected  for  industry  as  a  whole. 

In  order  to  accomplish  this  end  it  will  prob¬ 
ably  be  necessary  to  go  somewhat  further  than 
we  have  gone  so  far  in  the  integration  of  re¬ 
search  and  creative  business  management. 
Competition  will  be  rugged.  The  dynamic 
drive  for  competitive  position  will  produce 
some  failures,  but  it  will  also  create  oppor¬ 
tunities  for  those  enterprises  alert  to  foresee 
those  opportunities. 
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Technical  Development  for  the  Small  Company 


C.  C.  Heritage 

Technical  Director,  Wood  Conversion  Company,  Cloquet,  Minnesota 


The  ezDctien'e  of  manjr  companies  is  considered  to  have  proven  the  necessity  for  development  work  in 
any  industrial  company.  This  pa(^  is  devoted  primarily  to  a  discussion  of  the  fundamentals  of  organizing 
and  administering  the  development  funaion  in  a  manufacturing  business :  the  scope  of  the  devdopment  worit; 
its  place  in  the  company;  the  development  program;  and  the  cost  and  financing  of  this  activity,  espxially 
as  it  applies  to  smaller  companies. 


IT  IS  not  proposed  to  discuss  at  any  length 
the  question  of  whether  or  not  a  small  com¬ 
pany  can  justify  research  and  development. 
The  time  seems  to  have  passed  when  much  ad¬ 
ditional  effort  should  be  necessary  to  prove  that 
research  and  development  expenditures,  in  the 
abstract,  are  not  only  justified  but  imperative. 
The  cases  offering  proof  are  legion.  If  the 
study  made  by  the  National  Association  of 
Manufacturers  in  1947  and  published  in  book¬ 
let  form  under  the  title  of  "Trends  in  Indus¬ 
trial  Research  and  Patent  Practices”  may  be 
considered  a  satisfactory  sampling  of  industry, 
750  out  of  983  companies,  or  76  percent,  re¬ 
plying  to  the  NAM  questionnaire  stated  that 
they  carry  on  a  research  program.  G>nsidering 
the  smaller  companies  with  annual  sales  volume 
of  1  million  dollars  or  less,  out  of  145  who  re¬ 
ported  having  a  research  program  and  spending 
-  between  three  and  four  percent  of  annual  dollar 
sales  for  research,  78,  or  54  percent,  reported 
having  their  own  research  facilities,  and  em¬ 
ploying  an  average  staff  of  four  people.  If  re¬ 
search  is  not  justified,  there  are  a  lot  of  com¬ 
panies,  including  many  small  ones,  who  are 
wasting  a  great  deal  of  money. 

To  settle  this  question  beyond  any  reasonable 
doubt,  several  typical  comments  on  question  15 
in  the  NAM  questionnaire,  namely,  "What 
would  be  the  effect  on  your  competitive  posi¬ 
tion  if  you  discontinued  research  activities  im¬ 
mediately.^”  are  here  quoted; 

"Demonstrated  success  of  research  over 
past  one-quarter  of  a  century  clearly  indi¬ 
cates  that  a  strong  research  program  is  essen¬ 
tial  to  the  maintenance  of  a  strong  competi¬ 
tive  position  in  any  industry.” 


"Continuing  expansion  of  this  small  busi¬ 
ness  has  been  possible  only  because  of  our 
research  application.” 

"Research  is  insurance  upon  our  future 
development.” 

"Impossible  to  discontinue  research  in  our 
business.” 

"We  consider  research  the  most  active 
stimulant  to  our  business.” 

To  those  companies  apparently  constituting 
25  percent  of  the  total  which  have  not  inte¬ 
grated  the  research  and  development  function 
into  their  operations,  suffice  it  to  say  that  a 
business  which  is  not  making  specific  technical 
progress  is  probably  heading  toward  ultimate 
elimination. 

Considering  then  that  the  research  and  de¬ 
velopment  function  is  not  only  justified  but 
imperative  to  the  future  of  smaller  companies 
as  well  as  larger  ones,  specifically  how  shall  it 
be  organized  and  administered  in  order  that 
the  greatest  returns  may  be  assured. 

Scope  of  the  Development  Work 

A  development  project  regardless  of  whether 
it  deals  with  a  market,  a  product,  a  process,  a 
piece  or  group  of  equipment,  or  a  raw  mate¬ 
rial  is  of  no  value  to  the  company,  the  com¬ 
munity,  or  the  employees  until  it  has  been 
commercialized,  which  means  that  operations 
have  been  established  on  a  commercial  scale 
with  customers  satisfied  by  virtue  of  attractive 
product  value,  and  management  and  stockhold¬ 
ers  satisfied  by  virtue  of  attractive  earnings.  It 
is  therefore  necessary  that  the  experimental 
work  encompass  three  phases,  generally  re¬ 
ferred  to  in  sequence  as  laboratory,  pilot  plant, 
and  production  plant  scale  activities. 
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The  experimental  work  starts  in  the  labora¬ 
tory  toward  the  desired  objective  and  a  labora¬ 
tory  product  is  produced  by  a  laboratory 
process  through  the  use  of  laboratory  or 
model  apparatus.  When  a  certain  degree  of 
perfection  has  been  attained  in  the  laboratory, 
and  as  soon  as  possible  thereafter,  a  pilot  plant 
is  constructed  and  operated  primarily  for  the 
purpose  of  test  selling  of  the  product  to  estab¬ 
lish  markets  and  product  value,  which  is  util¬ 
ity  versus  price;  and  secondarily  to  perfect 
plant  design  and  crystallize  manufacturing 
costs,  which  together  with  selling  price  deter¬ 
mines  the  economics  of  the  project.  It  is  not 
unusual  to  rebuild  and  enlarge  the  pilot  plant 
several  times  before  reliable  answers  to  these 
questions  are  at  hand. 

3Jlf  the  project  is  sound,  the  time  arrives 
sooner  or  later  for  the  preparation  of  a  Capital 
Proposal  for  the  construction  of  a  production 
plant  for  submission  to  management  for  the 
appropriation  of  the  necessary  funds.  This  pro¬ 
posal  covers  all  the  questions  which  must  be 
answered  before  money  can  be  invested  in  a 
business,  the  principal  ones  being: 

The  nature  of  the  product  and  the  markets 
for  it. 

The  quality  of  the  product  relative  to  the 
requirements  of  its  use,  or  in  other  words 
the  utility  of  it  to  the  customer. 

The  price  of  the  product  relative  to  its  util¬ 
ity,  and  hence  the  value  which  the  cus¬ 
tomer  receives  as  compared  with  compe¬ 
tition. 

The  unit  operations  making  up  the  overall 
process. 

The  selection  of  equipment. 

The  general  arrangement  of  the  equipment. 

The  capital  cost  estimate. 

The  direct  manufacturing  cost  estimate. 

The  gross  profit  estimate. 

The  working  capital  estimate. 

The  net  income  estimate. 

The  time  necessary  to  repay  the  capital  in¬ 
vestment. 

If  the  proposal  is  favorably  acted  upon  by 
management,  it  then  becomes  an  engineering 
job  to  design  and  construct  the  plant,  which  is 
usually  not  a  development  function.  However, 


when  the  plant  is  ready  to  operate,  the  job  of 
making  it  produce  according  to  quality,  cost, 
and  production  rate  forecasts  is  a  development 
responsibility  so  far  as  the  technical  aspects  are 
concerned,  and  the  development  job  is  not 
complete  until  a  satisfactory  plant  performance 
has  been  achieved. 

It  is  clear  from  the  foregoing  that  as  a 
project  progresses  to  full  production  stage,  the 
money  to  be  appropriated  and  the  staff  time  to 
be  allocated  increase  by  leaps  and  bounds. 
The  laboratory  stage  expense  is  small,  the  pilot 
plant  expense  is  substantial,  the  production 
plant  expenditures  may  run  well  into  five,  six, 
or  seven  figures  and  take  much  of  the  time  of 
the  whole  department.  The  problems  to  be 
solved  likewise  increase  rapidly  in  complexity, 
and  the  production  plant  when  built  must  meas¬ 
ure  up  to  the  three  standard  business  objectives, 
namely  continuous  and  profitable  employment 
for  the  workmen,  a  profitable  investment  for 
the  stockholders,  and  a  product  of  attractive 
value  for  the  consumer. 

Centralized  responsibility  and  authority  in 
development  matters  are  as  important  as  in  any 
of  the  other  company  functions  or  perhaps 
even  more  so.  To  transfer  or  divide  responsi¬ 
bility  at  the  end  of  the  laboratory  stage  or  at 
the  end  of  the  pilot  plant  stage  is  to  jeopardize 
the  success  of  the  project  and  to  place  un¬ 
necessary  hurdles  in  the  way  of  commercializa¬ 
tion,  without  which  there  is  no  justification  for 
having  started  the  project  in  the  first  place. 
With  the  responsibility  centered  in  a  develop¬ 
ment  department  for  the  commercial  comple¬ 
tion  of  the  project,  that  department  is  solely 
responsible  for  progress  or  the  lack  of  it. 

This  matter  of  the  scope  of  the  work  is  the 
first  basic  consideration,  for  upon  this  depend 
the  organization  of  the  department,  its  pro¬ 
gram,  budget,  and  place  in  the  company. 

Granted  that  the  inclusion  of  all  three  stages 
of  laboratory,  pilot  plant,  and  production  in 
one  department  is  sound,  it  is  clear  that  this 
scope  is  beyond  that  usually  designated  as  re¬ 
search.  The  term  development  as  used  in  this 
paper  designates  this  three-stage  sequence  and 
includes  research  as  dealing  primarily  with  the 
laboratory  stage. 
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The  Place  of  Development  in  the 
Company  Organization 

Before  development  as  a  company  activity 
was  generally  recognized,  there  were  two  pri- 
nury  functions,  production  and  sales.  The  busi¬ 
ness  of  production  is  to  manufacture  a  product 
of  standard  quality  at  a  standard  cost  for  de¬ 
livery  at  a  specified  time.  The  business  of  sales 
is  to  sell  a  product  of  standard  quality  at  an 
agreed  upon  price  for  delivery  at  a  specified 
time.  Both  carried  on  experimental  work  from 
time  to  time,  production  usually  being  most 
interested  in  decreasing  costs,  sales  most  inter¬ 
ested  in  expanding  markets.  Both  required 
technical  service,  production  as  a  check  on  and 
help  to  plant  performance,  sales  as  assistance 
to  customers. 

As  long  range  planning  came  more  into 
vogue,  it  became  evident  that  long  range  objec¬ 
tives  could  not  be  reached  by  either  production 
or  sales  working  independently.  Furthermore, 
diversification  of  maricets,  almost  universally 
found  as  a  company  objective,  involved  projects 
quite  outside  the  experience  and  knowledge  of 
either  of  the  two  departments.  G)nsequently  it 
came  to  be  recognized  that  the  department  to 
be  responsible  for  the  major  developments  of 
the  company,  should  be  independent  pf  either 
sales  or  production  and  on  a  par  with  them, 
thereby  providing  a  triumvirate,  with  produc¬ 
tion  and  sales  responsible  for  the  success  of  the 
business  as  currently  established  and  develop¬ 
ment  responsible  for  changes  and  additions  to 
the  business  as  planned  for  the  future. 

A  modern  business  organization  resembles  a 
three-legged  stool  and  no  one  of  these  legs, 
production,  sales  or  development,  is  self- 
sufficient.  The  commercialization  of  any  devel¬ 
opment  is  a  joint  accomplishment.  It  makes 
little  diflFerence  how  brilliant  the  development 
work  may  have  been;  if  management  does  not 
provide  the  dollars,  production  the  manufactur¬ 
ing  skill,  and  sales  their  strong  merchandising 
ability,  the  whole  project  will  in  all  probability 
die  on  the  vine.  The  team  must  function  to 
reach  the  commercial  goal. 

Service  functions  involving  technology  are 
not  to  be  confused  with  development  and 
belong  in  the  other  two  departments,  as  for 
example  that  commonly  called  plant  control  in 
production  and  technical  service  in  sales.  It  is 


also  quite  impractical  and  unjustified  to  dis¬ 
courage  the  execution  of  some  development 
work  by  others  in  the  company  than  the  devel¬ 
opment  department,  since  every  competent  pro¬ 
duction  or  sales  manager  is  always  considering 
how  improvements  may  be  made.  These  mat¬ 
ters  may  best  be  controlled  by  the  proper  finan¬ 
cial  budgets,  since  the  cost  of  such  work  must 
inevitably  appear  either  in  cost  of  manufacture 
or  cost  of  selling  and  these  costs  will  not  gen¬ 
erally  be  permitted  to  get  much  out  of  line.  Ex¬ 
cept  for  these  deviations  ,the  development  ex¬ 
pense  of  the  company  is  all  consolidated  in  the 
development  department,  its  magnitude  is 
known  at  all  times  and  its  control  via  the  usual 
budget  system  is  relatively  simple. 

The  Development  Program 

The  careful  planning  of  development  work 
is  imperative.  Even  when  this  is  as  well  done 
as  possible  by  a  group  of  competent  executives, 
the  quality  of  the  job  in  retrospect  on  occasion 
does  not  merit  any  blue  ribbons. 

First  many  questions  arise  to  which  tentative 
answers  for  guidance  must  be  given  by  man¬ 
agement.  Typical  questions  are: 

Are  the  markets  being  presently  supplied 
attractive  enough  to  be  contiftued  over  a 
long  period  of  time? 

Do  present  products  give  satisfactory  value 
to  the  customer  or  is  the  need  for  im¬ 
provement  urgent  ? 

Are  present  markets  of  such  breadth  and 
volume  that  new  products  are  justified  to 
strengthen  the  company  position? 

Do  present  products  lend  themselves  to 
reaching  other  valuable  markets? 

Is  the  business  balanced  between  durable 
and  consumer  goods? 

Is  the  business  balanced  between  industrial 
and  dealer  outlets? 

Is  it  advantageous  to  remanufacture  to  get 
the  products  closer  to  the  consumer? 

Is  the  business  seriously  seasonal? 

From  consideration  of  these  matters,  there 
crystallizes  certain  company  objectives  which 
constitute  the  navigational  aids,  so  to  speak,  for 
the  development  woric  over  a  period  of  years. 
Thus  one  will  know,  at  least  in  general,  whether 
the  major  company  problems  lie  in  markets,  in 
the  product,  in  the  processes,  in  the  equipment. 
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in  the  raw  materials,  in  prices  or  in  costs,  and 
so  on.  Knowing  this,  it  is  possible  to  concentrate 
the  development  program  on  the  most  impor¬ 
tant  objectives  to  the  practical  exclusion  of 
other  avenues  of  work  even  though  superficially 
more  attractive. 

In  discussing  the  establishment  and  nature 
of  the  development  program,  the  most  impor¬ 
tant  factor  at  all  times  and  regardless  of  de¬ 
tails  is  the  consumer  of  the  product  which  the 
company  manufactures.  The  consumer  is  the 
originator  of  the  order  file,  and  without  an 
order  file  any  company  ceases  to  exist.  Whether 
it  may  be  pleasant  or  unpleasant,  everyone  in 
industry  works  for  and  takes  his  orders  from 
the  customers  of  his  company.  Every  use  to 
which  a  product  is  put  has  a  list  of  ideal  re¬ 
quirements  as  long  as  one’s  arm.  There  is  no 
product  in  existence  that  comes  anywhere  near 
meeting  all  the  requirements  of  use.  'There  is 
no  perfect  product.  The  utility  of  a  product  for 
a  specific  use  is  the  degree  to  which  it  satisfies 
these  requirements.  Price  of  the  product  and 
utility  of  it  go  hand  in  hand  and  taken  to¬ 
gether  constitute  the  value  of  the  product.  The 
lower  the  price  for  a  given  utility  the  greater 
the  value.  The  greater  the  utility  for  a  given 
price  the  greater  the  value.  The  product  of  the 
greatest  value  will  be  the  one  favored  by  the 
customer  and  consumer. 

These  attributes  of  product  utility  and  value 
are  very  fundamental  to  all  development  work, 
so  basic  in  fact  as  to  lead  to  a  very  useful  clas¬ 
sification  of  fields  of  development  work  as 
related  to  company  objectives  previously  dis¬ 
cussed.  These  are: 

1.  Holding  present  markets  with  present 
products.  This  is  the  first  responsibility  to 
those  who  work  for  the  company,  who 
own  the  company,  who  buy  from  the 
company,  who  sell  to  the  company,  and 
who  as  a  community  depend  upon  the 
company.  Present  products  are  always  sus¬ 
ceptible  to  increase  in  value  to  the  con¬ 
sumer.  TTie  work  may  involve  any  avenue 
of  greater  compliance  with  use  require¬ 
ments  or  of  decreased  cost  of  manufac¬ 
ture.  The  extent  to  which  this  work  is 
made  long  range,  however,  depends  upon 
company  objectives  relative  to  present 
markets  and  present  products.  Develop¬ 


ing  or  acquiring  conversion  plants  to 
approach  closer  to  the  ultimate  consumer 
falls  in  this  field. 

2.  Increasing  present  markets  through  new 
products.  If  long  range  studies  indicate 
that  present  markets  are  well  worth  pro¬ 
tecting  but  new  products  can  be  visualized 
which  may  be  expected  to  reach  values 
unattainable  by  present  products,  major* 
developments  can  well  be  initiated  in  this 
field. 

3.  Procuring  new  markets  for  present  prod¬ 
ucts.  Market  diversification  is  often  an 
important  company  objective  either  to 
divide  sales  between  industrial  and  con¬ 
sumer  markets,  to  level  out  seasonal  de¬ 
mands  or  to  insure  against  too  great  fluc¬ 
tuation  in  volume  with  the  changing  busi¬ 
ness  cycle.  There  is  no  more  ideal  means 
of  securing  diversification  than  by  devel¬ 
oping  new  markets  for  present  products. 
TTiis  field  of  work  should  always  be  ex¬ 
plored  thoroughly. 

4.  Procuring  new  markets  through  new 
products.  This  field  is  without  limitation; 
hence,  activities  in  this  category  must  be 
scrutinized  carefully  so  that  they  do  not 
go  too  far  afield.  Market  diversification 
sometimes  cannot  be  obtained  in  any 
other  way,  but  in  so  doing  the  integration 
of  the  new  processes  and  raw  materials 
into  present  practice  should  if  possible  be 
achieved.  Of  especial  interest  is  the  case 
where  the  company  owns  or  controls  its 
principal  raw  materials.  If  increased  or 
improved  utilization  of  raw  material  can 
be  combined  with  product  and  market 
diversification,  a  prize  winning  combina¬ 
tion  results.  The  utilization  of  by-products 
falls  in  this  category. 

The  key  element  in  the  administration  of 
development  is  the  annual  program.  Upon  the 
wisdom  and  foresight  of  the  executives  charged 
with  the  responsibility  for  this  planning  de¬ 
pend  not  only  the  performance  of  the  develop¬ 
ment  department  but  the  future  of  the  com¬ 
pany.  The  program  itself  consists  of  a  number 
of  individual  items  arranged  in  priority  order, 
each  item  carrying  its  own  objective,  justifica¬ 
tion  and  plan  of  attack.  Usually  the  first  list  of 
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items  worked  out  contains  many  more  than  can 
be  efficiently  handled  during  a  given  time.  The 
task  is  to  weigh  many  factors  for  each  item  and 
select  the  winners  before  the  contest  begins. 
Some  of  the  factors  to  be  considered  are; 

Assuming  the  development  objective  to  be 
completely  reached,  will  commercialization 
be  carried  forward  and  capital  funds 
appropriated  when  the  time  to  do  so 
arrives?  Reports  reposing  in  the  files  do 
not  help  the  customers,  the  stockholders, 
or  the  employees. 

What  period  of  time  to  commercialization  is 
involved?  The  longer  the  time  the  less 
attractive  the  item. 

What  are  the  chances  for  success?  Are  there 
several  avenues  of  attack  or  only  one?  Is 
inventive  genius  involved  or  the  follow¬ 
ing  of  well-known  procedures?  Is  the 
problem  to  be  solved  an  old  one  on  which 
many  have  worked  but  none  succeeded,  or 
is  a  new  field  being  entered?  A  few  "sure 
fire”  items  on  the  program  are  very  desir¬ 
able. 

Are  special  facilities  or  highly  trained  spe¬ 
cialists  required? 

Does  the  item  integrate  into  present  opera¬ 
tions  ? 

Does  the  item  diversify  markets  and  if  so  is 
the  probable  sales  volume  large  or  small? 
If  the  item  falls  in  a  competitive  field, 
wherein  will  the  advantages  lie  and  to 
what  extent  as  compared  with  competi¬ 
tion? 

Does  the  item  diversify  the  program?  A  well 
diversified  program  is  an  important  factor 
of  safety. 

The  program,  once  established  by  competent 
executive  action,  becomes  the  development 
bible  for  one  year  and  is  not  subject  to  change 
except  through  unusual  circumstances  and  by 
executive  approval.  There  is  nothing  more  dis¬ 
astrous  to  development  progress  than  frequent 
major  changes  in  the  items  of  the  program  or 
their  objectives.  It  is  the  responsibility  of  the 
development  department  to  reach  the  objectives 
set  forth  which  the  best  minds  in  the  company 
have  agreed  will  benefit  the  company  most,  and 
nothing  outside  these  objectives  is  of  any  great 
consequence  for  the  time  being.  Strange  as  it 
may  seem  and  obvious  as  this  fundamental  may 


appear,  it  is  one  of  the  most  difficult  assign¬ 
ments  of  the  development  chief  to  see  that  this 
rule  is  not  seriously  violated. 

A  corrolary  to  the  foregoing  is  the  impor¬ 
tance  of  continuity  of  effort  from  year  to  year, 
from  annual  program  to  annual  program.  A 
well-known  rule  of  thumb  is  that  it  takes  seven 
years  on  the  average  to  reach  the  stage  of  prof¬ 
itable  commercialization.  Some  of  the  same 
projects  then  must  appear  on  the  program  year 
after  year  and  to  keep  them  there  is  another 
difficult  task.  It  is  a  strange  commentary  on 
human  nature,  but  nevertheless  very  true,  that 
enthusiasm  for  a  given  project  is  at  a  peak 
when  the  first  reasonably  good  laboratory  re¬ 
sults  are  obtained.  Then  as  use  requirements 
become  better  known,  deficiencies  are  clarified, 
both  capital  and  manufacturing  costs  are  visual¬ 
ized,  interest  is  not  so  keen.  When  the  pilot 
plant  begins  to  deliver  the  product  to  the  con¬ 
sumer  and  the  extent  of  one’s  lack  of  knowledge 
becomes  evident,  the  backers  of  the  project  are 
often  conspicuous  by  their  absence.  So,  many 
developments  have  a  stormy  career  over'  a  long 
period  of  time  and  final  success  involves  a  great 
deal  of  courage,  patience,  persistence  and  opti¬ 
mism  not  only  on  the  part  of  the  development 
men  involved  but  of  management  as  well. 

The  Cost  and  Financing  of  Development 
Work 

The  discussion  up  to  this  point  is  applicable 
more  or  less  regardless  of  the  size  of  the  com¬ 
pany.  Matters  of  cost  and  financing  introduce 
the  factor  of  company  size  and  raise  the  ques¬ 
tion  of  whether  or  not  a  so<alled  small  com¬ 
pany  can  afford  a  development  department 
strictly  on  the  basis  of  availability  of  funds. 

First,  since  development  is  an  overall  or  in¬ 
dependent  company  function  dealing  with 
projects  involving  all  elements  of  the  business, 
the  cost  of  developrpent  is  a  top  management 
charge  to  be  paid  out  of  earnings.  It  is  insur¬ 
ance  for  the  future  as  a  great  executive  once 
said,  to  tell  you  what  to  do  when  you  can  no 
longer  do  what  you  are  now  doing.  Its  cost  is 
then  to  be  returned  in  the  future. 

Next,  the  cost  of  development  is  made  up  of 
both  capital  expenditures  and  operating  ex¬ 
pense.  '^J^en  a  development  department  is 
organized,  there  must  be  physical  facilities  with 
which  to  work,  which  is  of  course  capital.  But 
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more  important,  as  the  work  proceeds,  pilot 
plants,  model  machines,  or  plant  changes  and 
additions  as  alternatives  to  pilot  plants  must  be 
made  in  order  that  the  work  progress  toward 
commercialization  and  these  are  capital  expen¬ 
ditures.  Finally,  if  a  production  plant  is  to  be 
built,  the  capital  funds  must  be  made  available, 
or  the  final  pay  off  on  everything  which  has 
gone  before  will  not  be  accomplished.  This 
final  production  plant  is  not  a  part  of  develop¬ 
ment  cost,  standing  on  its  own  feet  for  justifi¬ 
cation,  but  such  investments  must  be  visualized 
and  recognized  as  resulting  from  the  develop¬ 
ment  work  and  as  being  the  most  essential  step 
in  the  whole  chain  of  events  in  realizing  the 
returns  expected  from  the  money  previously 
invested  in  the  development  programs. 

Work  on  laboratory  scale  is  relatively  inex¬ 
pensive.  Pilot  plant  scale  operations  involve 
substantial  appropriations  for  both  capital  and 
expense.  Since  a  pilot  plant  is  unlikely  to  be 
operated  more  than  four  years,  depreciation 
rates  are  very  high.  Sale  of  goods  helps  defray 
the  cost  of  operation  after  the  shake-down 
period,  but  a  profitable  pilot  plant  operation  is 
rare  indeed.  Opital  cost  of  a  new  production 
plant  generally  exceeds  substantially  any  pre¬ 
vious  appropriations  in  connection  with  the 
project.  If  capital  money  is  likely  to  be  in  short 
supply,  the  program  items  can  be  so  chosen  as 
to  minimize  this  requirement. 

One  of  the  many  objectives  of  centralizing 
development  work  in  a  so  recognized  depart¬ 
ment  is  the  control  it  gives  over  the  expense  of 
experimental  work.  Hence,  all  elements  of  cost 
should  be  included  in  the  development  budget 
so  that  it  pays  its  way  and  is  not  forced  to  ask 
other  departments  to  lend  assistance  without 
being  properly  reimbursed.  For  example  it  is 
often  desirable  and  justifiable  to  carry  on  ex¬ 
perimentation  in  a  production  plant  rather  than 
to  construct  special  experimental  facilities. 
These  are  sometimes  referred  to  as  plant  trials 
or  mill  trials.  The  extra  cost  of  such  trials  is 
not  a  part  of  manufacturing  cost  and  expense 
thus  accrued  must  be  paid  by  the  development 
department. 

The  research  or  development  budget  is  ordi¬ 
narily  expressed  as  a  percentage  of  net  dollar 
sales  in  the  same  manner  as  other  items  of  the 
financial  operating  statement.  The  magnitude 
of  this  budget  can  be  anything  from  that  neces¬ 


sary  for  the  efficient  functioning  of  one  high- 
grade  technologist  to  the  maximum  diversion 
of  net  earnings  which  the  company  can  afford. 

It  is  most  practical  to  set  the  budget  up  on  the 
basis  of  funds  which  can  reasonably  be  appro¬ 
priated  and  then  generally  fit  the  program  to 
the  funds,  rather  than  by  reverse  procedure.  It 
is  not  practical  to  set  up  the  program  and  esti¬ 
mate  cost  by  items  to  arrive  at  a  total  budget, 
because  no  one  can  foretell  the  difficulties  or 
lack  of  them  which  will  be  encountered  in  the 
case  of  any  given  item.  It  is  of  course  entirely 
proper  for  management  to  put  a  ceiling  on  ex¬ 
penditures  under  any  one  item  so  that  the  re¬ 
sults  and  justification  for  further  work  will  be 
carefully  reviewed  before  further  expenditures 
are  incurred. 

Many  companies  have  been  and  are  started 
and  owned  by  men  who  themselves  did  the 
original  development  work  .and  consequently 
in  the  early  stages  of  company  growth,  these 
men  continue  to  be  the  development  depart¬ 
ment  themselves.  In  the  booklet  of  the  NAM 
previously  referred  to,  138  companies  in  the 
range  of  $100,000  to  $1,000,000  annual  sales 
reported  having  a  research  program  and  spend¬ 
ing  an  average  of  3.8  percent  of  annual  sales 
thereon. 

The  question  which  is  now  of  interest  is,  at 
what  point  in  the  growth  of  a  company  as 
measured  by  dollar  sales  volume  is  it  practical 
to  set  up  a  regularly  constituted  development 
department.  This  is  not  to  say  to  begin  devel¬ 
opment  work,  but  to  recognize  it  as  a  full- 
fledged  department.  The  minimum  with  respect 
to  development  staff  would  appear  to  be  one 
high-grade  technologist  or  engineer  with  several 
assistants  as  represented  by  an  annual  gross 
salary  pay  roll  of  perhaps  $16,000.  Other  di¬ 
rect  expense  may  be  about  15  percent  and  indi¬ 
rect  expense  25  percent,  or  a  total  of  40  per¬ 
cent  of  the  pay  roll  or  $6,000  of  other  expense 
annually.  Outside  professional  services,  both 
technical  and  legal,  are  a  necessity.  It  is  only 
wise  to  seek  a  specialist  when  his  services  are 
required  and  few  if  any  development  staffs  can 
afford  to  be  self  contained.  $6,000  is  allowed 
for  this  expense.  Mill  experimentation  or  one 
operating  pilot  plant  may  take  another  $11,000, 
making  a  total  development  budget  of  $39,000. 

It  is  clear  again  from  the  NAM  data  that  the^ 
ratio  of  research  expenditures  to  dollar  sales  is 
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greater  for  the  smaller  companies  and  varies 
greatly  from  industry  to  industry,  the  1946 
average  actual  being  1.87  percent.  It  seems  rea¬ 
sonable  to  select  3  percent  as  the  ratio  for  the 
hypothetical  company  involved  in  these  esti¬ 
mates,  which  places  annual  dollar  sales  at 
11,300,000. 

Net  income  of  many  companies  falls  in  the 
range  of  10  to  15  percent  of  dollar  sales. 
Using  15  percent  for  the  example  herein,  net 
earnings  would  be  $195,000,  of  which  $39,000, 
or  20  percent,  would  be  allocated  to  develop¬ 
ment.  Dividends  of  large  companies  are  cur¬ 
rently  averaging  about  50  percent  of  earnings, 
but  it  is  unlikely  that  smaller  companies  would 
pay  out  that  much  preferring  to  plow  the  funds 
back  into  the  business.  If  30  percent  be  allo¬ 
cated  to  dividends,  then  50  percent  or  almost 
$100,000  is  available  for  capital  expenditures, 
increased 'working  capital,  and  special  reserves. 

If  the  foregoing  assumptions'  are  reasonable, 
it  appears  that  a  regularly  constituted  develop¬ 
ment  function  may  be  incorporated  in  the 
business  when  annual  dollar  sales  exceed 
$1,000,000.  Certain  it  is  that  this  function  is 
as  necessary  in  a  small  company  as  a  large  one 
and  the  earlier  it  can  be  independently  set  up, 
the  more  will  rapid  sound  growth  of  the  com¬ 
pany  result.  There  are  many  other  phases  of  the 
development  function  which  it  would  be  inter¬ 
esting  to  discuss,  the  functional  type  of  organ¬ 
ization  involving  team  play,  the  personnel  re¬ 
quirements,  the  methc^s  of  administration, 
public  relations  policies,  and  so  on,  but  time  is 
not  available. 

In  conclusion,  development  is  that  company 
activity  which  brings  about  in  a  planned  and 
rational  manner  the  major  changes  and  addi¬ 
tions  to  the  company  business  to  maintain  and 
improve  its  position.  Its  work  carries  through 
from  inception  in  the  laboratory  to  proven 
commercialization  in  the  plant.  It  constitutes  a 
major  independent  department.  Its  planning  is 
made  specific  through  a  formal  annual  program 
of  carefully  diversified,  stable  items  with  clear 
objectives,  of  high  probability  of  success  and 
of  ultimate  commercialization. 

No  company  can  afford  long  to  remain  un¬ 
insured  relative  to  its  future,  and  those  of  the 
smaller  companies  who  do  not  already  enjoy 
this  insurance  need  have  no  fear  of  the  expense 
of  establishing  and  carrying  on  the  development 


function  provided  the  individual  company  situa¬ 
tion  is  intelligently  analyzed  and  funds  are 
budgeted  within  the  projected  resources  of  the 
enterprise. 

Discussion 

Roy  M.  Carter  (North  Carolina  State  Col¬ 
lege)  :  The  technical  development  program 
cited  by  Mr.  Heritage  is  the  most  comprehen¬ 
sive,  complete  analysis  that  has  been  made  for 
the  wood  industry.  I  commend  this  for  further 
study  by  all  managers  and  technicians  in  the 
wood  working  industry. 

Investigations  from  the  laboratory  through 
the  pilot  plant  stage  and  ultimately  getting  into 
production  are  essential  steps  in  the  complete 
development  program.  To  finance  such  a  three 
stage  program,  Mr.  Heritage  estimates  that  a 
gross  sales  volume  of  about  a  million  dollars  is 
required.  Since  wood-working  businesses  as  a 
whole  are  small  industries  there  are  many  plants 
with  gross  sales  below  a  million  dollars.  These 
small  concerns  also  need  a  development  pro¬ 
gram  to  keep  abreast  of  improvements  that  can 
be  made  in  their  operations. 

If  we  classified  the  wood  industries  on  the 
basis  of  gross  sales  we  would  find  they  would 
form  a  pyramid  with  a  tremendous  number  of 
small  industries  at  the  base  tapering  to  a  point 
with  a  few  large  concerns  at  the  peak.  On  the 
basis  of  the  pyramid  the  number  of  plants 
that  should  engage  in  a  technical  development 
program  would  increase  if  we  included  those 
companies  with  less  than  a  million  dollar  gross 
sales  as  cited  by  Mr.  Heritage.  Assuming  that 
there  is  a  need  for  research  information  in  small 
wood  industries  as  well  as  large  companies,  I 
believe  there  are  some  steps  that  small  com¬ 
panies  can  take.  Mr.  Heritage  points  out  that 
a  developmental  program  consists  of  three 
stages:  first,  the  laboratory  investigations,  sec¬ 
ond,  the  pilot  plant  scale,  and  third,  production 
processes.  As  a  general  rule  there  is  more  lab¬ 
oratory  and  fundamental  research  available  to 
the  wood  working  industry  than  is  applied. 
There  are  also  many  concerns  working  on  a 
pilot  plant  scale.  After  completing  the  pilot 
plant  stage  much  of  the  development  never  goes 
into  production  due  to  economic  conditions  or 
a  reluctance  to  change,  which  is  common  in 
most  industries.  It  therefore  is  possible  for 
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many  small  plants  to  by-pass,  temporarily,  the 
laboratory  and  pilot  plant  stage  of  their  devel¬ 
opment  program.  The  small  industry  then  could 
consider  ways  and  means  of  putting  the  infor¬ 
mation  that  is  available  into  production.  The 
number  of  plants  who  could  do  this  would  ex¬ 
ceed  the  number  who  establish  a  complete  de¬ 
velopmental  laboratory  and  stafiF.  Many  small 
plants  are  imder  the  impression  that  they  are 
adopting  the  results  of  research  as  fast  as  they 
can.  Nevertheless  I  believe  many  more  tech¬ 
nicians  could  be  employed  by  the  wood  indus¬ 
tries  to  "sift  the  wheat  from  the  chaflF”  in  a 
conscientiously  planned  manner. 

The  Forest  Utilization  Service  men  at  the 
several  Forest  Service  Experiment  Stations,  who 
are  field  men  for  the  Forest  Products  Labora¬ 
tory,  have  found  that  the  small  industries  are 
extremely  interested  in  ways  and  means  of  ap¬ 
plying  research  information  in  their  particular 
plants.  The  bulk  of  the  requests  for  assistance 
come  from  the  small  industry  that  cannot  afford 
to  hire  consulting  engineers  or  have  a  complete 
development  program  in  their  own  plant.  To 
begin  with  they  think  they  cannot  afford  a 
technologist  but  sooner  or  later  they  recognize 
that  it  would  be  desirable  to  have  a  man  who 
could  analyze  the  available  information.  With 
normal  growth  of  the  industry,  this  realization 
is  the  first  step  the  small  industry'  can  take  to 
direct  its  efforts  into  a  technical  development 
program. 

W.  A.  Hosmer  (Harvard  University) :  Mr. 
Heritage  has  discussed  with  great  thoroughness 
the  functions  involved  in  research  and  develop¬ 
ment,  togeAer  with  the  organization  required 
to  get  these  functions  performed.  But  one  gets 
the  impression  he  is  dealing  with  a  scale  of 
operations  adapted  to  a  large  company.  The 
problem  is  of  course  important  in  a  large  com¬ 
pany  and  one  can  get  a  great  deal  of  informa¬ 
tion  about  the  requisite  functions  from  such  a 
clear  description. 

Tlw  problem  is  basically  different  in  a  small 
or  medium-sized  company.  The  percentage 
which  research  and  development  expense  may 
reasonably  bear  to  sales  is  limited,  and  this 
establishes  a  definite  limitation  on  expenditures 
and  on  organization.  Mr.  Dosker  has  very  prop¬ 
erly  emphasized  the  importance  of  researA  re¬ 
gardless  of  size,  and  it  would  be  unfortunate 


if  the  -  view  prevailed  that  research  and  devel¬ 
opment  could  only  be  undertaken  by  large 
companies. 

One  of  the  characteristics  of  small  enter¬ 
prises  is  that  executives  have  to  perform  more 
than  one  function.  This  is  probably  applicable 
in  the  research  and  development  field,  but  it  is 
important  that  one  or  more  executives  have 
this  as  a  definite  part  of  their  duties.  Probably 
most  of  the  basic  research  for  small  and 
medium-sized  companies  will  be  done  as  it  has 
been,  by  the  Forest  Products  Laboratory,  our 
several  colleges  of  forestry,  and  other  institu¬ 
tions.  A  great  deal  can  be  accomplished  in 
small  companies  if  their  research  and  develop¬ 
ment  activities  are  kept  in  close  and  systematic 
association  with  these  agencies.  Under  these 
ciraunstances  the  effectiveness  of  a  small  re¬ 
search  organization  can  be  greatly  expanded. 

C.  A.  Rishell  (National  Lumber  Manufac¬ 
turers  Association) :  Mr.  Heritage  has  clearly 
expressed  the  thoughts  of  most  of  us  who  are 
responsible  for  managing  research.  It  seems 
strange  that  it  is  necessary  to  emphasize  the 
fact  that  a  complete  research  project  is  of  no 
value  unless  it  is  put  into  practical  use  when 
such  a  statement  is  axiomatic.  No  one  in  his 
right  mind  would  contradict  this  statement,  but 
on  the  other  hand  it  is  surprising  to  learn  of 
the  large  number  of  management  personnel 
who  set  up  research  projects  without  thought 
as  to  the  cost  for  pilot  plant  work  and  even 
less  consideration  as  to  the  cost  of  putting  the 
results  of  the  research  into  practical  production. 

There  is  a  logical  reason  why  this  should  be 
so,  even  though  it  is  hard  to  understand.  Suc¬ 
cessful  business  people  have  become  successful 
only  because  they  are  capable  of  undertaking 
calculated  risks.  When  they  are  dealing  with 
familiar  subjects,  they  are  on  safe  ground,  but 
when  dealing  with  unfamiliar  subjects  then  the 
risks  are  no  longer  calculated  or  susceptible  for 
analysis  by  them. 

Research  is  an  enticing  word.  To  the  un¬ 
initiated  it  probably  brings  up  visions  of  a 
chemist  performing  sleight-of-hand  tricks  with 
a  test  tube,  but,  as  Mr.  Heritage  states,  the 
woric  in  the  test  tube  stage  is  very  cheap  in 
comparison  with  the  construction  of  production 
plants.  Unfortunately,  the  visions  of  unin¬ 
formed  management  do  not  extend  further 
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than  the  test  tube  stage.  I  presume  the  average 
person  does  not  realize  that  the  bulk  of  the 
two  billion  dollars  used  in  producing  the  first 
atomic  bombs  did  not  go  into  test  tube  research 
but  went  into  the  construction  of  large  produc¬ 
tion  plants.  If  this  thought  can  be  brought 
home  to  the  average  businessman,  then  the  or¬ 
derly  development  of  research  can  proceed. 
Really  this  is  the  meat  of  Mr.  Heritage’s  talk. 

Mr.  Heritage  also  said  that  once  the  devel¬ 
opment  of  a  research  program  is  set  there 
should  be  no'  major  change  of  objective  except 
because  of  very  unusual  circumstances  and  yet 
this  fundamental  rule  is  very  frequently  vio¬ 
lated.  I  know  of  one  instance  where  the  prin¬ 
cipal  objective  of  quite  a  large  research  pro¬ 
gram  was  changed  after  90  percent  of  the 
money  had  been  expended  on  the  objective  as 
originally  set  forth.  Such  compulsory  changes 
of  objective  usually  result  in  thorough  confu¬ 
sion  of  the  technical  staff  but  more  important 
the  entire  program  is  in  danger  of  being  dis¬ 
credited.  Management  is  interested  only  in  re¬ 
sults.  It  has  a  short  memory  when  lack  of  re¬ 
sults  can  be  attributed  directly  to  management. 

A  statement  that  could  well  be  read  and  re¬ 
read  by  people  who  have  put  their  money  into 
research  development  is  the  rule  of  thumb 
guide  that  it  takes  seven  years  on  the  average 
to  reach  the  stage  of  profitable  commercializa¬ 
tion  after  the  research  project  has  gone  through 
the  test  tube  stage,  perhaps  even  the  pilot  plant 
stage.  'The  management  of  small  concerns  is 
usually  impatient.  Research  or  development  is 
all  too  frequently  viewed  as  being  in  tho  same 
category  as  high  speed  production.  It  is  for 
this  reason  that  Mr.  Heritage  stated:  "A  few 
'sure  fire’  items  on  the  program  are  a  neces¬ 
sity.”  How  true  this  statement  is  no  one  will 
ever  know  until  he  attempts  to  manage  group 
research. 

I  would  like  to  emphasize  Mr.  Heritage’s 
clear-cut  statement  with  respect  to  the  cost  of 
maintaining  a  minimum  development  staff.  I 
believe  that  the  figures  which  he  has  quoted 
are  very  accurate.  Unfortunately,  from  the 
comments  which  have  been  made  from  the 
floor,  it  appears  that  many  of  you  think  that 
Mr.  Heritage  is  trying  to  discourage  small  com¬ 
panies  in  undertaking  research  and  product  de¬ 


velopment.  I  believe  it  quite  evident  that  this 
thought  was  furthest  from  his  mind.  He  does 
say  that  probably  the  minimum  cost  for  an  ade¬ 
quate  development  staff  is  approximately 
$39,000  per  year.  ’This  is  only  too  true,  but 
Mr.  Heritage  did  say  that  no  company,  no  mat¬ 
ter  how  small,  can  afford  to  ignore  research 
and  development.  I  presume  by  this  he  means 
that  someone  in  management  should  be  re¬ 
sponsible  for  undertaking  new  developments. 
If  the  company  is  not  large  enough  to  maintain 
its  own  separate  development  staff,  i:hen  man¬ 
agement  through  other  research  agencies  not 
owned  by  the  company  can  develop  in  an 
orderly  way  until  such  time  as  a  development 
staff  can  be  afforded.  I  certainly  agree  with 
Mr.  Heritage  that  as  soon  as  possible  any  con¬ 
cern  should  have  its  own  development  staff  but 
we  should  also  remember  that  he  has  suggested 
that  this  development  staff  can  seldom  be  large 
enough  or  sufficiently  diversified  to  encompass 
all  the  arts  and  skills  that  are  required  in  mod¬ 
em  research.  In  fact,  in  his  minimum  $39,000 
budget  he  has  included  an  item  of  $6,'000  for 
outside  technical  assistance. 

Mr,  Heritage:  It  is  regretted  that  appar¬ 
ently  the  impression  was  gained  that  a  sales 
volume  of  a  million  dollars  is  required  for  the 
establishment  of  a  development  program.  Cer¬ 
tainly  this  is  not  the  case.  Such  a  program  can 
and  should  be  established  by  every  company 
no  matter  how  small.  What  was  said  is,  "a 
regularly  constituted  development  function  may 
be  incorporated  in  the  business  when  annual 
dollar  sales  exceed  $1,000,000”.  'This  was  in¬ 
tended  to  mean  an  independent  department 
with  proper  quarters,  facilities  and  operating 
budget.  If  a  greater  proportion  than  20  per¬ 
cent  of  net  income,  in  the  example  given,  be 
allocated  to  Development,  then  the  necessary 
sales  volume  drops  accordingly.  When  the  com¬ 
pany  is  too  small  to  incorporate  development 
as  a  regularly  constituted  function,  then  the 
development  program  must  be  executed  by  staff 
members  with  multiple  responsibilities.  Usu¬ 
ally  in  these  cases,  however,  development  costs 
are  buried  in  other  costs  so  adequate  knowledge 
is  not  available  of  what  developments  are  go¬ 
ing  on  and  how  much  is  being  spent. 

There  is  no  use  kidding  anyone  about  the 
expense  of  development  work.  Any  company 
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no  matter  how  small  which  does  not  do  its  own 
Development  planning  or  skips  pilot  plant  or 
mill  trial  stage  or  does  not  seek  the  guidance  of 
recogni2ed  professional  experts  when  needed  is 
headed  for  trouble.  As  stated,  one  engineer 
can  constitute  a  Development  Department  if 
provision  for  the  expense  contingent  upon  his 


work  is  made.  Very  few  companies  are  so 
small  they  cannot  afford  consulting  services  and 
a  real  development  program  even  though  it 
consists  of  but  one  project.  But  the  planning 
for  a  specific  company  and  the  execution  of  the 
plan  can  seldom  be  delegated  to  outside 
agencies. 
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Wood  Award  Presentation 

Herbert  A.  Vance 

Publisher,  Wood  Magazine,  Chicago,  III. 


Mr.  President,  fellow  members,  distinguished 
guests.  It  is  a  pleasure  to  be  present  at  the 
Third  National  Meeting  of  the  Forest  Products 
Research  Society,  and  note  the  growth  and 
progress  that  has  taken  place  since  this  group 
was  founded  three  short  years  ago.  hiy  task  is 
doubly  pleasant,  as  I  am  presently  to  announce 
the  recipient  of  the  1949  Wood  Award. 

Those  of  you  who  attended  the  meeting  last 
year  in  Chicago,  will  recall  that  each  year  Wood 
magazine  presents  $500  and  a  certificate  of  rec¬ 
ognition  to  the  student  in  an  American  school 
or  college,  who  submits  the  best  technical  paper 
on  research  that  is  considered  by  the  judges  as 
the  outstanding  college  contribution  to  the 
wood  industry.  I  want  to  thank  the  following 
judges  personally  for  the  excellent  job  that 
they  did,  in  addition  to  their  regular  activities, 
in  the  midst  of  as  busy  a  Spring  as  we  have 
had  since  the  end  of  the  war: 

Dr.  Edward  Locke — Chemical  Engineer, 
U.  S.  Forest  Service,  and  1st  Vice  Presi¬ 
dent  of  FPRS. 

Mr.  Robert  Pauley — Manager,  Development 
Department,  Weyerhaeuser  Timber  Com¬ 
pany,  and  Regional  Board  member  for  the 
Pacific  Northwest,  FPRS. 

Mr.  James  Hamilton — Technical  Service  Di¬ 
rector,  Pericins  Glue  Company  and  Second 
Vice-President  of  FPRS. 

Mr.  Fred  Gottschalk — ^Technical  Director, 
American  Lumber  and  Treating  Company, 
and  Past  President  of  FPRS. 

These  judges,  plus  members  of  Wood’s  staff, 
were  responsible  for  selecting  the  best  report 
from  papers  received  from  all  over  the  country. 
It  was  their  considered  opinion  that  this  year’s 
crop  of  aspirants  presented  material  that  was 
of  much  higher  caliber  than  that  received  for 
judging  last  year — making  the  decision  doubly 
difficult. 

This  year’s  winner  is  John  Ledyard  Hill,  a 
native  of  Milan,  Minnesota,  who  was  gradu¬ 
ated  from  Colorado  State  College  in  1942  with 
a  Bachelor  of  Science  in  forestry  and  who  then 


enlisted  in  the  United  States  Army.  Following 
three  and  one-half  years  in  the  Field  Artillery, 
with  20  months  in  the  European  'Theater  of 
Operations,  First  Lieutenant  Hill  returned  to 
civilian  life  and  entered  the  Yale  School  ot 
Forestry  after  the  war.  He  received  his  Master 
of  Forestry  Degree  in  1947  and  has  been  work¬ 
ing  since  that  time  toward  the  completion  of 
work  leading  to  the  degree  of  Doctor  of 
Forestry. 

Mr.  Hill  has  developed  an  improved  method 
for  selecting  Balsa  wood  of  high  tensile 
strength  properties  and  incorporated  the  re¬ 
sults  of  his  special  research  project  into  the 
paper  which  won  for  him  this  year’s  Wood 
Award. 

At  this  time,  when  wood  products  of  all  na¬ 
tures  and  descriptions  are  receiving  the  brunt 
of  competition  from  every  type  of  material 
imaginable,  and  some  almost  l^yond  compre¬ 
hension,  it  is  encouraging  to  note  that  a  gradu¬ 
ate  student  can  develop  a  method  to  classify  a 
species  better  and  thereby  preserve  an  impor¬ 
tant  maricet.  We  can  not  dwell  enough  on  the 
importance  of  members  of  the  wood  industry 
aiding  in  every  way  possible  the  research 
activities  of  those  interested  in  preserving  and 
extending  our  markets.  It  is  only  through  or¬ 
ganizations  such  as  this  Society,  the  Forest  Prod¬ 
ucts  Laboratory,  private  research  organizations, 
and  association  groups,  that  we  can  all  work 
together  to  develop  and  protect  the  markets  for 
forest  products — nature’s  only  replaceable  raw 
material. 

'Therefore,  it  gives  me  great  pleasure  to  in¬ 
troduce  to  you,  Mr.  John  Ledyard  Hill. 

Mr.  Hill,  as  Publisher  of  Wood  Magazine, 
may  I  present  you  with  this  certificate  of  merit 
and  a  check  for  $500,  which  I  sincerely  hope 
will  encourage  you  to  continue  with  your  efforts 
in  the  line  of  forest  products  research.  As  this 
year’s  winner,  you  have  given  next  year’s  Wood 
Award  aspirants  a  high  mark  at  which  to  aim. 
My  heartiest  congratulations  to  you,  with  best 
wishes  for  continued  success. 

'Thank  you. 
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Wood  Award  Thesis 

A  Simple  Method  For  Selecting  Balsa  {Ochroma 
Lagopus  Sw.)  of  High  Tensile  Strength 

John  Ledyard  Hill 

School  of  Forestry,  Yale  University,  New  Haven,  Connecticut 


Introduction 

WOOD  has  certain  inherent  physical 
properties  that  make  it  particularly 
valuable  as  a  structural  material.  Sig¬ 
nificant  among  these  is  a  high  strength-weight 
ratio  parallel  to  the  grain,  a  property  which  is 
largely  responsible  for  its  advantages  over 
other  materials  equivalent  in  weight.  Wood, 
therefore,  is  especially  adaptable  to  aircraft 
constraction  where  weight  is  a  primary  consid¬ 
eration.  Balsa  wood  is  exceptionally  qualified 
for  this  use  in  that  it  has  a  remarkably  low  spe¬ 
cific  gravity  (0.05-0.24)  (2)  without  any  ap¬ 
preciable  reduction  in  the  strength-weight  ratio 
parallel  to  the  grain. 

Because  balsa  combines  the  two  properties 
mentioned  above  (i.e.,  low  specific  gravity  and 
high  strength  parallel  to  the  grain),  it  is  rather 
extensively  used  as  a  core  material  in  stressed- 
skin  panels  for  floors  and  for  fuselage,  wing, 
and  control  coverings  of  aircraft.  In  this  type 
of  construction,  balsa  is  often  prepared  in  the 
form  of  cross-sectional  wafers  which  are  glued 
to  each  other  and  then  to  the  face  plies  so  that 
the  grain  of  the  wood  runs  in  a  plane  normal 
to  the  faces.  Such  a  grain  orientation  of  the 
core  material  employs  to  advantage  the  rela¬ 
tively  high  resistance  to  'shear  across  the  grain, 
characteristic  of  other  woods  as  well  as  balsa. 
The  properties  of  balsa  are  thus  utilized  to 
permit  the  development  of  a  very  stiff  yet  light¬ 
weight  panel  with  a  core  sufficient  in  strength 
not  only  to  preclude  shear  failures  within  the 
core,  but  also  to  resist  stresses  tending  to  sepa¬ 
rate  the  facing  materials  and  to  crush  the  panel. 
This  balsa-core  panel  appears  to  be  particu¬ 
larly  adaptable  for  use  as  a  covering  for  the 
ultra-high-speed  aircraft  being  developed  today. 


To  be  successfully  used  for  such  core  mate¬ 
rial,  however,  balsa  wood  must  be  of  uniformly 
high  tensile  strength  along  the  grain,  a  re¬ 
quirement  which  suppliers  have  had  great  diffi¬ 
culty  in  satisfying  due  to  the  extreme  natural 
variability  even  within  a  single  stick.  In  order 
to  protect  itself,  the  aircraft  industry  devised  a 
somewhat  arbitrary  method  for  identifying  a 
type  of  poor-quality  balsa  known  commercially 
as  "corcho.”  The  method  consisted  of  drawing 
a  blunt  scribe  across  the  end  grain;  if  the  fiber 
picked  up  in  chunks  ahead  of  the  scribe,  the 
stick  was  discarded.  Such  material  was  pre¬ 
sumed  to  contain  so-called  corcho  and  to  be 
weak  in  tension  along  the  grain.  Although  this 
method  probably  indicates  the  presence  of  low- 
strength  balsa  in  a  stick,  it  seems  likely  that 
unreasonable  amounts  of  balsa  are  being  re¬ 
jected.  Unfortunately,  as  a  result  of  this  situa¬ 
tion,  balsa  is  in  danger  of  losing  a  market  for 
which  it  is  uniquely  qualified. 

It  is  therefore  the  purpose  of  this  study  to 
devise  a  simple  method,  the  application  of 
which  will  not  only  identify  high-strength  balsa 
but  will  also  accurately  define  its  limits  within 
a  stick. 

Experimental  work  leading  to  the  establish¬ 
ment  of  a  method  of  differentiation  proceeded 
as  follows: 

1)  Exclusion  of  all  balsa  material  contain¬ 
ing  visible  compression  failures,  decay,  or  other 
defects  which  are  known  to  influence  tensile 
strength. 

2)  Study  of  the  remaining  defect-free  ma¬ 
terial  to  develop  a  method  of  differentiating 
high-strength  and  low-strength  wood. 

3)  Establishment  of  proof  of  the  validity  of 
the  method  developed  under  (2)  by  testing 
and  subsequent  statistical,  analysis  of  the  data. 
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4)  Confirmation  of  the  significance  of  the 
method  by  demonstrating  that  it  separates  balsa 
into  distinct  strength  classes  even  though  these 
classes  may  be  similar  in  specific  gravity,  and 
by  establishing  an  anatomical'  explanation  for 
this  behavior. 

Material 

The  balsa  used  in  this  study  was  obtained 
from  "AA”  grade  (Aircraft)  stock,  all  of 
which  had  been  rejected  by  an  aircraft  concern 
^because  it  failed  to  pass  the  scribe  test.  Noth¬ 
ing  is  known  regarding  the  growth,  cutting 
and  handling  of  the  material  before  it  was  re¬ 
ceived  at  the  Yale  School  of  Forestry.  It  was 
apparent,  however,  that  the  wood  had  been  kiln 
dried. 

Description  of  Species 

The  information  presented  here  will  give 
some  idea  of  the  problems  of  quality  control 
of  balsa,  as  well  as  explain  some  of  the  ex¬ 
treme  variability  of  this  species. 

Balsa  is  a  very  fast-growing  tree  found 
throughout  tropical  America.  Although  many 
species  have  been  described.  Record  and  Hess 
(4)  and  Pierce  (3)  indicate  that  O chroma 
Lagopus  Sw.  is  the  only  justifiable  one. 

According  to  Record  and  Hess,  "given  am¬ 
ple  room  on  rich,  well-drained  soil  at  low 
elevations,  the  trees  may  attain  a  height  of  50 
to  60  feet  and  a  trunk  diameter  of  24  to  30 
inches  in  five  or  six  years.  The  wood  pro¬ 
duced  under  such  conditions  is  very  light  and 
soft,  weighing  only  6  to  8  pounds  per  cubic 
foot  when  dry.  Timber  of  slow  growth,  whether 
from  the  outer  part  of  old  trees  or  from  young 
ones  that  developed  under  adverse  conditions, 
may  weigh  25  pounds  per  cubic  foot.  These 
natural  variations  affect  the  structure,  appear¬ 
ance,  properties,  and  uses  of  the  wood.  To 
secure  a  uniform  product,  the  trees  must  be 
grown  in  plantations.” 

The  tree  is  very  susceptible  to  injury  during 
growth,  and  even  slight  injury  during  the  first 
6  months  may  cause  death.  When  trees  are 
fully  mature,  a  small  injury  "may  cause  the 
wood  to  develop  a  hard  and  fibrous- texture, 
and  thereby  lose  its  commercial  value”  (4). 

After  the  tree  is  about  7  years  old,  it  loses 
its  merchantable  value  because  at  that  time. 


due  to  the  development  of  a  tap  root,  the 
center  of  the  tree  near  the  base  becomes  water- 
saturated;  the  wood  in  this  portion  becomes  red 
in  color  and  decay  develops  rapidly.  As  the 
tree  becomes  older,  this  zone  spreads  diametri¬ 
cally  and  up  the  bole  (4).  Stearns  (7)  reports 
that  a  tree  growing  on  poorly  drained  clay  soils 
develops  what  is  called  "water  heart”  and  be¬ 
comes  worthless. 

Selection  of  Material  for  Testing 

Five  grades  of  balsa  have  been  designated 
by  the  U.  S.  Foreign  Economic  Administra¬ 
tion,  namely,  "A”  grade,  "AA”  grade,  "B” 
grade,  "C”  grade,  and  "Shorts.”  As  men¬ 
tioned  previously,  all  the  material  used  in  this 
study  was  obtained  from  "AA”  grade  balsa  bil¬ 
lets.  A  description  of  the  "AA”  (Aircraft) 
grade  in  effect  in  1943,  as  taken  from  Stearns 
(7),  follows: 

"1.  Width — Random,  minimum  3  inches. 

2.  Length — Random,  minimum  3  feet. 

3.  Scattered  pin  worm  holes  will  be  admit¬ 
ted,  provided  the  concentration  *  in  any 
single  square  foot  of  surface  measure 
shall  not  exceed  10. 

4.  Only  1  knot  or  hole  under  2  inches  in 
diameter  will  be  admitted  for  each  full  6 
feet  of  length  of  any  piece. 

5.  Surface  pith  and  pith  grooves  on  faces 
and/or  edges  shall  not  exceed  in  the  ag¬ 
gregate  1/12  of  the  length  of  the  piece. 

6.  The  aggregate  length  of  all  splits  or 
checks  shall  not  exceed  1/12  of  the 
length  of  the  piece. 

7.  Wane  shall  not  be  admitted.  Each  piece 
must  be  full  square-edged. 

8.  Moisture  content  and  condition  of  finish 
shall  be  as  ordered.” 

9.  Only  lumber  weighing  less  than  9  pounds 
per  cubic  foot  "dry”^  weight  will  be  ad¬ 
mitted  (2). 

At  the  outset,  it  was  evident  that  there  are 
at  least  four  factors  capable  of  contributing 
to  the  variability  in  the  tensile  strength  of  balsa. 
First  among  these  is  specific  gravity,  which  in 
the  case  of  balsa  has  a  very  wide  range  not 

^ "  'Dry  lumber  is  defined  as  lumber  in  a  state  of 
dryness  which  will  permit  close  piling  and  bundling 
during  the  time’ necessary  for  delivery  to  destination 
without  deterioration  from  decay.  (2).'  ” 
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only  between  trees  and  within  the  same  log, 
but  often  in  the  same  stick.  Second  is  the  pos¬ 
sible  effect  of  certain  anatomical  variations, 
either  inherent  or  environmental.  This  is  the 
influence  of  decay  with  its  variable  effects  on 
strength  properties  of  most  woods,  either  with 
or  without  a  commensurate  effect  on  specific 
gravity.  Fourth  is  the  effect  of  compression  fail¬ 
ures,  whiclr  are  quite  prevalent  in  balsa  stock. 

This  study  is  concerned  with  the  strength 
variability  in  balsa  wood  in  which  the  variabil¬ 
ity  is  traceable  principally  to  the  effects  of  the 
first  two  factors  mentioned  above.  The  balsa 
available  for  testing  was  therefore  carefully 
screened  to  eliminate  material  containing  mac- 
roscopically  visible  compression  failures  or  de¬ 
cay.  In  an  attempt  to  refine  somewhat  the  iden¬ 
tification  of  decay,  the  balsa  was  also  scrutinized 
under  an  ultra-violet  lamp,  a  method  which 
tends  to  sharpen  the  contrast  of  decayed  zones. 
In  some  sticks  a  faint  white  fluorescence  was 
detected  which  delimited  areas  radiating  from 
the  pith-  in  an  irregular  pattern  somewhat  the 
way  heart  rot  would  appear.  Such  material  was 
eliminated  as  abnormal  from  the  investigation. 


In  order  that  a  means  of  differentiation  in¬ 
dicative  of  tensile  strength  might  be  developed, 
the  remaining  material  was  subjected  to  a  series 
of  experimental  tests. 

The  history  of  the  material  showed  that  it 
was  rejected  for  aircraft  use  due  to  the  pres¬ 
ence  of  corcho  in  all  the  sticks.  Since  the  corcho 
was  identified  by  means  of  a  scribe  test,  that 
test  was  used  in  a  first  attempt  to  isolate  this 
type  of  material  but  was  soon  discarded. 
Through  experiments  with  transmitted  and 
ultra-violet  light  on  very  thin  cross  sections  of 
various  sticks,  a  further  attempt  was  made  to 
establish  a  zonation  indicative  of  strength.  The 
transmitted  light  showed  a  concentric  zonation 
clearly  enough,  but  the  results  were  not  suffi¬ 
ciently  comparable  between  sticks  to  permit  the 
establishment  of  a  classification  series  appli¬ 
cable  to  all  the  material.  The  ultra-violet  light 
that  was  used  produced  no  reaction  that  ap¬ 
peared  to  be  indicative  of  strength  differences. 

Finally,  by  experimenting  with  various  types 
of  saws,  making  cuts  across  the  ends  of  the 
sticks,  a  method  was  devised  which  appeared 
to  be  related  to  strength.  The  most  pronounced 
and  desirable  segregation  was  obtained  with  a 


Fig.  1. — Circular  groover  saw  used  in  cutting  the 
ends  of  balsa  sticks. 

13-in.  circular  groover  saw  (Fig.  1)  cutting  a 
kerf  of  in.  and  driven  by  a  2-hp.,  3-phase 
electric  motor  designed  to  operate  at  3450  rpm. 
This  saw  severed  the  end  of  the  piece  in  such 
a  way  that  the  fibers  were  broken,  not  cut.  The 
broken  fibers  showed  all  gradations  of  failure, 
from  a  very  fibrous  one  to  a  brash  type  with 
no  protruding  fibers.  The  zonation  produced  in 
this  way  had  a  concentric  pattern  as  may  be 
seen  in  Figs.  2  and  3,  suggesting  that  the  dif¬ 
ferentiation  was  somehow  related  to  growth. 

An  arbitrary  sawed-appearance  classification 
based  on  the  nature  of  the  fiber  failure  showing 
on  the  end  grain,  was  then  formulated  (Figs.  2 
and  3) : 

A.  Surface  almost  entirely  fibrous  in  char¬ 
acter  with  little  if  any  brash  failure 
showing. 

B.  All'  variations  intermediate  between  the 

A  and  C  classes.  m  ' 

C.  Surface  showing  no  protruding  fibers  and 
having  a  brash  appearance. 
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Fig.  2. — ^Typical  appearance  of  end  grain  showing 
the  strength-class  segregation  after  being  cut  with  the 
saw  pictured  in  Fig.  1. 


Fig.  3. — Typical  appearance  of  end  grain  showing 
the  strength-class  segregation  after  being  cut  with 
the  saw  pictured  in  Fig.  1. 


In  the  B  and  C  groups,  squarely  brdcen  ends 
of  vessels  may  be  clearly  discerned,  whereas  in 
the  A  material  very  few  if  any  vessels  are  ex¬ 
posed.  An  examination  of  Figs.  2  and  3  will 
clarify  this  point. 

Five  specimens  were  first  selected  from  each 
of  the  three  groups — ^A,  B,  and  C — in  order 
that  a  preliminary  comparison  of  tensile 
strengths  might  be  made.  Later  the  number 
was  expanded  to  include  13  specimens  in  each 
sawed-appearance  category  to  provide  a  basis 
for  valid  analysis. 

Preparation  of  Test  Specimens 

Devising  a  satisfactory  tensile  test  specimen 
proved  the  most  difficult  problem  in  this  por¬ 
tion  of  the  study.  In  order  to  secure  values 
representative  of  tensile  strength  along  the 
grain,  it  was  necessary  that  the  specimens  con¬ 
sistently  exhibit  tension-type  failures  at  or  near 
the  minimum  tension  area  of  the  specimen. 

All  experimentation  in  test-specimen  design 
was  carried  out  on  the  strongest  available  mate¬ 
rial  as  indicated  by  density  and  type  of  fiber 
failure  on  the  end  grain.  (Early  testing  had  in¬ 
dicated  that  the  specimen  design  was  not  im- 


Fig.  4.  Sketch  of  the  two  types  of  test  specimens, 
a.  Oiginal  design,  b.  Final  design. 
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portant  in  producing  satisfactory  tension  fail¬ 
ures  in  corcho  material.) 

Two  basic  types  of  test  specimens  were  de¬ 
signed:  the  first  for  use  in  an  Olsen  plywood 
shear  testing  machine  and,  after  this  proved 
unsatisfactory,  the  second  for  use  in  the  Temp- 
lin  grips  of  a  Baldwin-Southwark  hydraulic 
universal  testing  machine.  Diagrammatic  sketches 
of  both  types  of  test  specimens  appear  in  Fig.  4. 

The  principal  difficulty  in  design  was  en¬ 
countered  in  the  modification  of  the  grip  area 
in  such  a  way  as  to  produce  consistent  tension 
failure  at  the  minimum  tension  area.  The  prob¬ 
lem  here  was  twofold:  1)  to  strengthen  the 
grip  area  in  order  to  avoid  shear  failures  (it 
was  necessary  that  this  strengthening  be  as 
gradual  as  possible  in  order  to  avoid  stress  con¬ 
centrations) ;  2)  to  harden  the  grip  area  in 
such  a  way  as  to  avoid  the  crushing  of  the 
fibers  by  the  grips,  which  creates  points  of 
weakness. 

After  considerable  experimentation  with 
resin  impregnation,  it  was  apparent  that  some 
other  more  positive  method  must  be  devised 
for  increasing  the  density  of  the  wood  at  the 
grips.  This  was  accomplished  by  making  each 
grip  face  from  three  pieces  of  yellow  birch 
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Fig.  3.  A  sketch  showing  the  lay-up  and  final 
appearance  of  the  test-specimen  grip  area. 


veneer,  one  extending  the  full  in.,  the 
next  %  that  distance  from  end  of  specimen, 
and  the  last,  y^  that  distance  from  end  of  speci¬ 
men  (Fig.  5a).  Specimens  glued  up  in  this 
manner,  with  a  phenol-resorcinol  resin,  were 
placed  in  the  hot  press.  In  applying  the  pres¬ 
sure,  care  was  taken  to  avoid  crushing  in  the 
test  area  and  at  the  inner  edge  of  the  grip  area. 
By  compressing  the  wood,  the  density  of  the 
balsa  in  each  grip  area  was  progressively  in¬ 
creased  from  the  inner  portion  of  the  grip  area 
to  the  end  of  the  specimen  (Fig.  5).  In  this 
process  the  balsa  at  the  grip  area  was  gradually 
strengthened,  with  the  resultant  effect  of  less¬ 
ening  the  stress  concentration  and  giving  sufii- 
cient  shear  strength  to  force  the  failure  within 
the  test  zone.  The  use  of  1/32-in.  veneer  for 
the  grip  faces  was  found  to  give  the  best  re¬ 
sults.  The  grip-area  modification  described 
above  resulted  in  a  specimen  which  gave  con¬ 
sistently  satisfactory  failures  as  well  as  higher 
strengths  than  had  been  obtained  previously. 
It  was  decided,  therefore,  to  use  this  grip-area 
treatment  in  the  final  design. 

A  series  of  experiments  with  various  dimen¬ 
sions,  radii  of  curvature,  and  methods  of  shap¬ 
ing  culminated  in  the  acceptance  of  the  follow¬ 
ing  specifications  as  giving  tl^  most  satisfactory 
results  with  the  testing  equipment  available 
(Fig.  4b): 

1)  Test-area  thickness:  0.25  in.  (minimum 
for  rigidity  maximum  for  best  failures) 

2)  Grip-area  width:  1  in.  (limited  by  the 
equipment) 

3)  Radius  of  curvature  for  the  test  area: 
2  in.  (To  obtain  the  most  uniform  curva¬ 
ture  in  the  test  areas,  with  the  least  dan¬ 
ger  of  pre-stressing,  several  specimens 
held  together  rigidly,  were  sanded  across 
the  grain  on  a  block  having  the  desired 
curvature.) 

4)  Tension -area  width:  0.20  in.  (minimum 
for  rigidity;  maximum  for  best  failures) 

5)  Total  length:  7.5  in.  (This  includes  2.5 
in.  of  grip  area  on  each  end.) 

The  stock  from  which  test  specimens  were 
cut  averaged  about  4  ft.  in  length.  Test  mate¬ 
rial  consisted  of  two  successive  9-in.  blocks 
from  one  end  of  each  stick  selected  for  in¬ 
vestigation.  Since  the  sawed-appearance  classes 
are  concentric  and  extend  longitudinally  from 
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end  to  end  of  a  given  stick,  the  sawed-appear- 
ance  classes  defined  in  the  first  block  were  also 
found  in  the  second  block. 

Test  specimens  were  numbered  in  the  fol¬ 
lowing  manner: 

Position  of  9-in. 

block  in  length  No.  of  specimen 


of  stick  Classifi-  in  this  class 
Stick  No.  (Fig.  6a)  cation  and  block 
24 _  b  B  4 


To  facilitate  specimen  sawing,  some  very 
wide  planks  were  cut  and  lettered  as  illustrated 
in  Fig.  6b.  This  letter  is  upper  case  and  fol¬ 
lows  the  stick  nun^r  with  no  separating  hy¬ 
phen:  lOC-b-B-4. 

No  data  exist  for  the  adjustment  of  strength 
values  of  balsa  to  a  constant  moisture  content. 
Therefore,  to  exclude  the  possibility  of  varia¬ 
tion  in  strength  due  to  moisture  content,  all  the 
specimens  were  conditioned  to  a  constant  mois¬ 
ture  content  of  10.6  percent  prior  to  testing. 


Fig.  6.  Methcxl  of  numbering  the  sticks. 


Testing 

Five  specimens  from  each  group  were  pre¬ 
pared  and  tested  in  order  to  evaluate  the 
sawed-appearance  method  before  proceeding 
with  further  testing.  Thirty  additional  speci¬ 
mens,  ten  from  each  group,  were  then  pre¬ 
pared  and  tested. 

The  240-lb.  range,  graduated  at  0.2-lb.  in¬ 
tervals,  of  a  60,000-lb.  Bald win-Southw  ark 
testing  machine  and  Templin  grips  were  em¬ 
ployed  for  the  testing.  An  arbitrary  machine 
speed  of  0.05  in.  per  min.  was  used.  Extreme 
care  was  exercised  to  avoid  pre-stressing  in 
placing  each  specimen  in  the  grips.  The  grips 
were  carefully  aligned  with  a  square  and 
straight-edge  in  order  to  prevent  any’  torsion 
effect.  Minimum  tension  area  was  measured  to 
the  nearest  0.001  in.  by  means  of  a  caliper  and 
a  thickness  gauge  for  the  minimum  width  of 
the  test  zone  and  a  micrometer  for  the  speci¬ 
men-thickness  measurement. 

The  specific  gravity  for  each  specimen  was 
calculated  to  the  nearest  0.001  on  the^  oven-dry 
weight,  oven-dry  volume  basis.  Weight  meas¬ 
urements  were  first  made  with  a  torsion  bal¬ 
ance  accurate  to  the  nearest  0.01  gram  but 
which  could  conceivably  be  read  to  the  nearest 
0.005  gram,  and  volume  measurements  with  a 
Breuil  Mercury  Volume-Meter  having  an  accu¬ 
racy  of  0.003  cu.  cm.  With  the  remaining  30 
specimens,  however,  an  analytical  balance  was 


Fig.  7. — Typical  test  failures  of  each  of  the  three 
sawed-appearance  classes. 
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used  for  the  weighing  to  permit  greater  accu¬ 
racy  in  specific  gravity  calculations;  it  was  read 
to  the  nearest  0.001  gram.  As  a  precaution  to 
insure  accurate  volume  measurements,  the  ex¬ 
posed  end  grain  of  these  specific-gravity  sections 
was  filled  with  ordinary  wood  filler  and  the 
sections  returned  to  the  oven  for  drying. 

Results 

Test  results  are  presented  in  Table  1.  Aver¬ 
age  tensile  strengths  of  3958,  2064,  and  1305 
p.s.i.  were  found  for  sawed-appearance  classes 
A,  B,  and  C,  respectively.  Fig.  7  exhibits  typi¬ 
cal  failures  obtained  for  each  major  sawed- 
appearance  group  in  the  preliminary  testing. 


Analysis  of  Results 

In  order  to  provide  a  convincing  interpreta¬ 
tion  of  the  test  results,  the  data  were  statis¬ 
tically  analyzed  using  the  method  of  analysis  of 
variance  as  described  by  Snedecor  (6). 

Analysis  of  the  data  obtained  from  the  me¬ 
chanical  testing,  provides  statistical  evidence  to 
support  the  following  conclusions: 

1.  The  sawed-appearance  classification  sepa¬ 
rates  the  material  into  three  distinct  tensile- 
strength  groups:  A,  high;  B,  intermediate;  and 
C,  low  strength. 

2.  The  specific  gravity  of  the  A,  or  high- 
strength,  material  was  significantly  higher  than 
that  of  either  of  the  two  weaker  classes.  The 


Table  1. — Actual  Tensile  Strength  and  Theoretical  Specific  Strength  Values  For  Balsa 


Specific  Tensile  Tensile  stren^h 

Specimen  number  gravityt  stren^h  specific  gravity 

p.s.1. 


Type  of  failure 


3a-A-8 _ 

8a-A-3.-.. 

3a-A-4 _ 

3a-A-6-:. 
lOC-a-A-1. 
lOC-a-A-3  _ 
lOC-a-A-4. 
10C-IhA-3- 
lOC-lHA-fi. 
lOC-b-A-8. 
lOR-b-A-7. 
lOR-b-A-8. 
24a-A-2-.. 
24a-A-4... 
24b-A-l _ 

Average... 


lOC-a-B-1. 

lOC-a-B-2. 

lOC-a-B-3. 

lOC-a-B-4. 

lOC-b-B-1. 

lOC-b-B-2. 

lOC-b-B-4. 

lOC-b-B-3. 

24a-B-l... 

24a-B-2... 

24a-B-3... 

24a-B-4... 

24b-B-l... 

24b-B-2... 

24b-B-3... 

Average... 


Sawed-Appearance  Classification  A 


0.148 

4630 

31 

220 

Shear  followed  by  tension 

.149 

6070 

33 

936 

Tension 

.161 

4870 

32 

209 

Teasion 

.160 

6860 

36 

611 

Shear  followed  by  tension 

.084 

1894 

22 

666 

Shear  followed  by  tension 

.131 

3116 

23 

797 

Tension 

.097 

3470 

36 

810 

Tension 

.160 

4300 

28 

686 

Shear  followed  by  tension 

.099 

2480 

26 

000 

Tension 

.143 

4720 

32 

961 

Tension 

.191 

4820 

26 

249 

Tension 

.162 

3636 

21 

794 

Shear  followed  by  tension 

.144 

3440 

23 

972 

Tension 

.132 

3100 

23 

620 

Shear  followed  by  tension 

.119 

4060 

27 

286 

Shear  followed  by  tension 

.139 

3968 

27 

307 

Sawed-Appearance  Classification  B 


.096 

2336 

24 

679 

Shear  followed  by  tension 

.088 

1730 

19 

614 

Tension 

.092 

1936 

20 

964 

Shear  followed  by  tension 

.086 

1424 

16 

462 

Tension 

.077 

1340 

17 

336 

Tension 

.076 

1466 

19 

327 

Tension 

.089 

1780 

19 

912 

Tension 

.091 

1700 

18 

661 

Shear  followed  by  tension 

.120 

2166 

18 

018 

Tension 

.116 

2770 

23 

859 

Tension 

.122 

2140 

17 

684 

Tension 

.099 

1677 

16 

906 

Tension 

.106 

2620 

24 

929 

Tension 

.107 

2600 

23 

343 

Tension 

.117 

3386 

28 

981 

Tension 

.099 

2064 

20 

698 

Savred-Appearance  Classification  C 


24a-0;6 .  .069 

24a-C-7 .  .101 

24a-C-8 .  .088 

24a-C-9 .  .086 

24a-C-10 .  .100 

24a-C-12 .  .092 

24b-C-l .  .086 

24b-C^ .  .086 

24b-C-8 . .096 

24b-C.4 . .100 

24b-C-6 .  .089 

24b-C-6 .  .093 

24b-C-8 . .083 

24b-C-9 . .082 

24b-C-10 . .070 

Average . , . . . .  .088 


1193 

17 

290 

Tension 

1425 

14 

166 

Tension 

1230 

13 

893 

Tension 

1060 

12 

364 

Tension 

1740 

17 

383 

Tension 

1680 

17 

174 

Tension 

1190 

13 

806 

Tension 

1410 

16 

414 

Tension 

1321 

13 

964 

Tension 

1866 

18 

667 

Tension 

1330 

14 

977 

Tension 

1442 

16 

466 

Tension 

1038 

12 

666 

Tension 

988 

12 

093 

Tension 

760 

10 

857 

Tension 

1306 

14 

772 

‘■Oven-dry  weight  and  oven-dry  volume  basis. 
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latter,  however,  could  not  be  separated  from 
one  another  on  the  basis  of  specific  gravity. 

In  considering  these  conclusions,  the  ques¬ 
tion  may  arise  as  to  whether  the  sawed  appear¬ 
ance  as  an  indicator  of  strength  is  a  reflection 
of  a  combination  of  factors  influencing  tensile 
strength,  or  whether  it  merely  reflects  the  in¬ 
fluence  of  specific  gravity.  As  was  pointed  out 
earlier  in  this  paper,  there  is  at  least  one  other 
factor,  anatomical  structure,  that  could  influence 
tensile  strength. 

It  is  therefore  important  to  ascertain  whether 
or  not  the  method  is  also  influenced  by  the 
anatomical  structure  or  other  unrecogniaed  fac¬ 
tors.  This  was  accomplished  by  application  of 
the  specific-strength  concept:  with  the  relation¬ 
ship  of  strength  to  specific  gravity  known, 
strength  test  values  may  be  converted  to  those 
associated  with  a  common  specific  gravity  of 
1.00  by  dividing  each  strength  value  by  the 
corresponding  specific  gravity  raised  to  the 
power  ■w'hich  expresses  the  relationship  (1). 
Thus,  if  specific  gravity  were  the  only  factor 
influencing  the  strength  of  balsa,  no  significant 
differences  would  exist  among  the  sawed- 


appearance  classes.  The  exponents  expressing 
the  relationship  between  specific  gravity  and 
strength  have  been  worked  out  for  most  prop¬ 
erties  but  not  for  tensile  strength  along  the 
grain;  therefore  a  graph  representing  this  rela¬ 
tionship  was  prepared,  using  the  data  from  this 
study  (Fig.  8).  A  straight  line  was  found  to 
be  a  satisfactory  expression  of  the  relationship; 
hence,  an  exponent  of  one  was  used’  in  con¬ 
verting  the  values. 

Specific-strength  values,  shown  in  Table  1, 
averaged  27,307,  20,698,  and  14,772  p.s.i.  for 
class  A,  B,  and  C  material,  respectively.  Sta¬ 
tistical  analysis  of  these  data  indicated  that  a 
highly  significant  variation  among  all  three 
classes  was  retained.  This  establishes  the  fact 
that  the  sawed-appearance  classification  is  not 
influenced  solely  by  specific  gravity  but  also  in 
part  by  other  factors  as  yet  unknown,  possibly 
anatomical  in  nature.  Therefore,  at  any  given 
specific  gravity  there  may  be  a  wide  range  in 
strength.  This  is  evident  on  examination  of 
Fig.  8. 

In  an  effort  to  provide  an  anatomical  expla¬ 
nation  for  the  specific-strength  variation,  an 
examination  was  made  of  the  anatomy  of  three 
test  specimens  selected  from  the  A  class  and 
compared  with  representatives  of  similar  spe¬ 
cific  gravity,  from  the  B  and  C  classes,  as  well 
as  of  three  typical  specimens  (one  from  each 
class)  representing  the  specific-gravity  range 
involved  in  this  study.  Results  of  this  examina¬ 
tion  are  summarized  in  Table  2. 

Since  the  anatomy  of  balsa  wood,  as  de¬ 
scribed  by  Record  and  Hess,*  is  characterized 
by  the  presence  of  abundant  parenchyma, 
"mostly  in  metatracheal  lines  or  narrow  bands 
spaced  one  or  two  fiber  rows  apart  .  .  .,”  it 
seemed  plausible  that  the  relative  percentages 
of  fiber  and  wood  parenchyma  might  be  found 
to  have  some  relationship  to  tensile  strength. 
The  structural  morphology  of  fiber  cells  and 
parenchyma  cells  gives  a  clue  to  their  relative 
strengths  which  would  substantiate  such  a  the¬ 
ory.  The  thin-walled,  square-ended,  brick-like 
parenchyma  cells  must  contribute  appreciably 
less  strength  to  the  wood  than  the  thick-walled, 
long,  pointed,  and  overlapping  fibers.  Although 
these  gross  structural  features  account  for  some 
of  the  strength  of  fibers,  the  steep  orientation 

*  Unpublished  manuscript. 
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Table  2. — Specimens  Selected  For  Microscopic  Study,  Including  Measurements  of  Fiber 
Proportion,  Number,  and  Average  Width 


Measurements 


Specific 

Tensile 

Tensile  stren^h 

Fiber  ’ 

Number  of 

Average 

Specimmn  number 

fnvity 

strength 

'  ^>eeific  gravity 

proportion 

fibers 

width 

pjn. 

percent 

microns 

A  Typical  Representative  of  Each  Saweif-Appearance  Class 

3*-A-6 . 

.  0.160 

6860 

36  611 

48 

80 

32 

24b-B-l . 

. 106 

2620 

24  929 

33 

21 

31 

24a-C:-6 . 

. 069 

1193 

17  290 

26 

. 

31 

' 

Selected  Specimens  with  Similar  Specific  Gravities  but 

Representing  Different  Sawed-Appearance  Classes 

lOC-e-A-l . 

. 084 

1894 

22  666 

44 

21 

42 

lOC-a-B-4 . 

. 086 

1424 

16  462 

41 

18 

49 

24»-C-9 . 

. 086 

1060 

12  364 

32 

16 

41 

24b-C-8— . . 

. 083 

1038 

12  666 

29 

16 

39 

10C-«-A-4 . 

. . 097 

3470 

36  810 

39 

22 

86 

lOC-a-B-1 . 

. 096 

2336 

24  679 

41 

19 

48 

24-b-C-3 . 

. 096 

1321 

13  964 

30 

16 

42 

_ _ 

. 099 

2480 

26  000 

41 

20 

38 

24-«-C-7 . 

. 101 

1426 

14  166 

29 

14 

42 

24-a-C-lO . 

. 100 

1740 

17  383 

82 

14 

44 

of  the  cellulose  crystallites  in  the  secondary 
cell  walls  is  ultimately  responsible  for  the  high 
longitudinal  tensile  strength  of  wood  fibers. 
Ritter  and  Mitchell  (^)  have  demonstrated, 
with  the  aid  of  polarized  light,  that  the  cellu¬ 
lose  crystallite  orientation  in  the  ray  paren¬ 
chyma  cells  of  basswood  is  perpendicular  to  the 
long  axis  of  the  cells.  It  was  theorized  that 
this  same  orientation  would  be  shown  in  the 
wood  parenchyma  of  balsa,  and  if  this  could 
be  demonstrated,  it  would  follow  that  the  pro¬ 
portion  of  such  material  in  a  given  specimen 
is  reflected  in  its  tensile  strength. 

Using  the  technique  described  by  Ritter  and 
Mitchell,  an  attempt  was  made  to  substantiate 
the  above  theory.  Microscopic  examination  of 
several  radial  sections  under  polarized  light  im¬ 
mediately  gave  credence  to  the  hypothesis,  for 
the  results  obtained  corresponded  exactly  to 
those  described  by  the  atxjve  investigators.  That 
is,  when  the  sections  were  rotated  on  the  stage 
of  the  microscope  so  that  the  fibers  and  paren¬ 
chyma  were  at  one  of  their  maximum  brightness 
positions  (45°  to  the  Nicol  prisms  crossed  at 
right  angles)  and  a  selenite  compensator  inserted 
in  the  optical  system,  the  fibers  appeared  blue 
and  the  wood  parenchyma  yellow,  or  the  reverse 
depending  on  which  maximum  brightness  posi¬ 
tion  was  used.  According  to  Ritter  and  Mitch¬ 
ell’s  interpretation,  the  orientation  of  the  cellu¬ 
lose  crystallites  in  the  wood  parenchyma  cells 
would  be  at  right  angles  to  the  long  axis  of  the 
cells.  The  pit  apertures  in  the  parenchyma  cells 
as  seen  in  Figs.  9,  10,  and  11  also  confirm  the 
orientation. 


Fig.  9. — Radial  section  of  a  typical  class  A  speci¬ 
men  (3a-A-5)  having  high  tensile  strength  and 
high  specific  gravity. 


This  microscopical  examination  of  radial 
sections  indicated  that  variations  in  parenchyma 
and  fiber  proportions  exist  between  specimens 
varying  in  tensile  strength.  This  was  apparent 
in  specimens  of  equivalent  specific  gravity  as 
well  as  in  those  differing  in  specific  gravity. 

Since  it  is  most  logical  to  use  the  cross  sec¬ 
tion  for  estimating  relative  proportions  of 
longitudinally  oriented  cells,  the  initial  portion 
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Fig.  10. — Radial  section  of  a  typical  class  B  speci¬ 
men  (24-b-B-l)  having  average  tensile  strength  and 
average  specific  gravity. 


of  this  anatomical  study  was  concerned  with 
attempts  to  identify  the  two  types  of  tissue  on 
cross  sections  of  the  selected  specimens.  Com¬ 
mon  differential  staining  techniques  and  polar¬ 
ized  light  failed,  however,  to  provide  suffi¬ 
ciently  accurate  identification  for  reliable  esti¬ 
mates  of  the  proportion  of  fiber  or  paren¬ 
chyma.  For  this  reason,  radial  sections  were 
used  in  an  effort  to  correlate  fiber  proportion 
as  shown  on  the  radial  surface,  with  tensile 
strength.  Although  the  types  of  tissue  can  be 
readily  identified  on  radial  sections,  the  meas¬ 
urements  and  observations  made  were  greatly 
facilitated  by  the  technique  described  previ¬ 
ously,  using  polarized  light  and  a  selenite  com¬ 
pensator. 

Microscopical  examination  of  sections  of  the 
typical  specimens  of  each  class  revealed  that 
both  the  B  and  C  classes  had  appreciably  less 
fiber  and  more  parenchyma  than  the  A  class. 
This  difference  is  evident  on  examination  of 
the  photomicrographs  (A  material.  Fig.  9; 
B  material.  Fig.  10;  C  material.  Fig.  11)  and 
explains  not  only  the  low  specific  strength  of 
class  C  material  but  also  the  abnormal  longi¬ 
tudinal  shrinkage  shown  by  low-density  balsa 
as  reported  by  Limbach  and  Paul  (2).  Simi¬ 
larly,  the  differences  observed  between  the  A 
and  C  classes  were  also  apparent  upon  exami¬ 
nation  of  the  sections  of  specimens  of  equiva¬ 
lent  specific  gravity  but  with  varying  tensile 
strength,  as  may  be  seen  in  Figs.  12  and  14. 
Between  the  A  and  B  classes,  however,  differ¬ 
ences  were  not  so  evident  (Figs.  12  and  13). 

In  order  to  substantiate  these  observations, 
measurements  were  made  of  fiber  proportion, 
number,  and  average  width.  The  measurements 
were  made  along  a  radial  line  2  mm.  in  length, 
covering  what  appeared  to  be  typical  material 
for  the  specimen.  The  proportion  of  this  dis¬ 
tance  occupied  by  fibers  was  computed  and  ex¬ 
pressed  as  a  percentage.  Also  the  number  of 
fibers  and  their  average  width  were  recorded. 
These  data  are  found  in  Table  2.  The  differ¬ 
ences  observed  in  the  photomicrographs  of  the 
specific-gravity-range  specimens  are  substan¬ 
tiated  by  the  measurements.  Of  the  specimens 
of  equivalent  specific  gravity,  the  fiber  propor¬ 
tion  of  the  A  material  is  in  every  case  about 
ten  percent  greater  than  that  of  the  C  class. 
Also  the  A  material  has  approximately  a  third 
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Fig.  11. — Radial  section  of  a  typical  class  C  speci¬ 
men  (24a-C-5)  having  low  tensile  strength  and  low 
specific  gravity. 
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Fig.  12. — Radial  section  of  a  class  A  specimen 
(lOC-a-A-4)  having  a  specific  gravity  equivalent  to 
that  of  the  specimens  pictured  in  Figs.  13  and  14, 
but  with  a  significantly  higher  tensile  strength. 


Fig.  13. — Radial  section  of  a  class  B  specimen 
(lOC-a-B-1)  having  a  specific  gravity  equivalent  to 
that  of  specimen  lOC-a-A-4  (Fig.  12),  but  having 
a  significantly  lower  tensile  strength. 


Fig.  14. — Radial  section  of  a  class  C  specimen 
(24-i-C-3)  having  a  specific  gravity  equivalent  to 
that  of  specimens  lOC-a-A-4  (Fig.  12)  and  lOC-a- 
B-1  (Fig.  13),  but  having  a  significantly  lower  ten¬ 
sile  strength. 

more  fibers  on  a  numerical  basis.  The  differ¬ 
ences  in  average  fiber  width  do  not  seem  sig¬ 
nificant.  Between  the  A  and  B  classes,  how¬ 
ever,  there  does  not  appear  to  be  any  significant 
difference  to  explain  the  strength  variation,  nor 
do  the  photomicrographs  reveal  any  apparent 
differences.  Possibly  this  unexplained  strength 
variation  may  be  related  to  certain  features  not 
investigated,  such  as  cell-wall  thickness,  cell 
diameter,  or  fibril  angle  in  fibers,  although  no 
large  deviations  in  fibril  angle  were  evident. 

The  variation  in  proportion  of  parenchyma 
shown  by  specimens  of  similar  specific  gravity 
accounts  for  much  of  the  strength  variation  due 
to  factors  other  than  specific  gravity.  The  vary¬ 
ing  proportions  of  protruding  fiber  revealed  on 
the  end  grain  of  balsa  when  sawed,  used  in  this 
study  as  the  basis  for  determination  of  sawed- 
appearance  classes,  are  also  in  large  part  the 
result  of  varying  amounts  of  parenchyma. 

During  the  course  of  the  study,  two  observa¬ 
tions  were  made  which  further  magnify  the 
significance  of  the  method: 

1)  The  success  of  the  method  may  be  ex¬ 
plained  to  some  degree  by  comparison  of  the 
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end  grain  after  sawing  (Figs.  2  and  3)  with 
the  failures  in  the  test  specimens  (Fig.  7) .  The 
type  of  failure,  whether  brash  or  splintery, 
corresponds  almost  exactly  to  the  appearance  of 
the  end-grain  sawed  surfaces. 

2)  Since  the  method  gives  an  immediate 
estimate  of  the  transverse  disposition  of  high- 
strength  balsa  throughout  the  length  of  any 
given  stick,  its  application  in  rajMd  segregation 
of  this  material  is  evident. 

Conclusions 

1)  High  proportions  of  parenchyma  in  re¬ 
lation  to  fiber  are  to  a  considerable  extent  re¬ 
sponsible  for  the  low  tensile  strength  of  so- 
called  “corcho”  in  balsa  wood. 

2)  The  sawed-appearance  classification  de¬ 
veloped  in  this  study  presents  a  simple  yet  re¬ 
markably  precise  means  for  differentiating  balsa 
on  the  basis  of  tensile  strength. 
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Report  of  Committee  on  Coordination  of 
Forest  Products  Research 


AT  THE  second  annual  meeting  of  the 
Society  in  Chicago  in  1948,  an  open 
forum  on  Coordination  of  Research  in 
the  Field  of  Forest  Products  was  held  on 
March  23.  A  number  of  brief  papers  on  the 
need  for  coordination  were  presented,  and  a 
general  discussion  followed,  dl  of  which  may 
be  found  in  the  Proceedings  of  the  Society, 
Vol.  2  (1948)  pages  137  to  149  inclusive. 
Subsequently  the  President  appointed  a  Com¬ 
mittee  on  Coordination  of  Forest  Products  Re¬ 
search  and  charged  it  with  "the  responsibility 
of  formulating  a  proposed  action  program  for 
presentation  at  the  next  annual  meeting  .  . 

The  members  of  this  committee  are  so 
widely  scattered  that  committee  meetings  could 
not  be  held  conveniently  and  the  work  of  the 
committee  was  necessarily  done  by  mail.  The 
first  task  undertaken  was  to  work  out  a  state¬ 
ment  indicating  what  we  mean  by  coordination 
of  research  and  outlining  a  policy  on  the  sub¬ 
ject  for  consideration  and  possible  adoption  by 
the  Society.  That  statement  is  attached  to  this 
report  for  your  consideration  and  discussion. 

As  long  as  we  remain  a  free  people  there 
will  be  no  over-all  coordination  of  research  by 
dictation.  Perfectionists  may  want  the  Society 
to  take  a  more  positive  stand  than  is  indicated 
in  the  policy  statement,  but  the  Society  is  com¬ 
pletely  without  authority  to  dictate  to  any  re¬ 
search  group.  Our  only  tools  for  reducing  un¬ 
necessary  duplication  and  overlapping  of  re¬ 
search  effort  are  education,  discussion,  and 
example.  The  very  fact  of  the  organization  of 
the  Society  and  the  continued  efforts  to  increase 
its  membership  and  build  up  its  influence 
strongly  encourage  coordination  of  research 
effort  by  bringing  together  widely  varied 
groups  and  individuals  who  are  sponsoring  or 
conducting  forest  products  research.  Through 
the  papers  presented  at  the  national  and  local 
meetings  and  through  individual  and  group 
discussions  they  become  better  acquainted  with 
what  others  are  doing  and  accomplishing  and 
thus  better  able  to  avoid  unneeded  repetition 
of  their  work.  Tlirough  the  same  means  their 
thinking  should  be  stimulated  and  new  ideas 


developed  that  will  point  the  way  to  new  and 
profitable  research  or  development  through  the 
application  of  research  findings. 

As  the  Society  becomes  stronger  financially, 
its  monthly  bulletin  can  become  more  effective 
as  a  means  of  keeping  its  members  currently 
informed  about  the  character  and  progress  of 
forest  products  research  and  development 
throughout  the  world.  Ultimately  we  should  be 
able  to  provide  a  full  time  editor  with  neces¬ 
sary  assistants  whose  sole  task  will  be  to  build 
up  the  monthly  bulletin  into  an  interesting, 
attractive,  and  powerful  instrument  for  carry¬ 
ing  on  the  work  of  the  Society  and  attaining  its 
objectives.  Coordination  of  research  is  one  of 
the  important  objectives.  The  task  of  develop¬ 
ing  a  monthly  bulletin  that  will  be  interesting 
and  useful  to  all  members  is  difficult  because 
ours  is  a  "horizontal”  organization  that  cuts 
across  all  professions,  trades,  and  commercial 
interests  concerned  with  the  production,  manu¬ 
facture,  distribution,  utilization,  and  study  of 
the  products  of  the  forest.  It  is  all  the  more 
urgent  for  that  reason  since  there  is  no  other 
means  of  bringing  these  diverse  interests  to¬ 
gether  in  a  united  effort  for  progress.  The  com¬ 
mittee,  therefore,  considers  the  development 
and  improvement  of  the  monthly  bulletin  an 
important  part  of  any  program  to  encourage 
the  coordination  of  research. 

Much  of  the  duplication  of  research  effort 
that  exists  seems  to  result  from  lack  of  infor¬ 
mation  on  what  has  been  done  or  is  being  done 
on  any  specific  problem.  Through  publication 
of  papers  and  abstracts  and  making  them  cur¬ 
rently  available  to  the  members  of  the  Society 
much  can  be  done  to  dispel  ignorance  of  what 
is  going  on.  A  further  and  more  pointed  attack 
on  ignorance  among  research  workers  would  be 
the  preparation  and  publication  of  authorita¬ 
tive  monographs  bringing  together  in  sum¬ 
marized  form  the  knowledge  of  the  world  on 
some  particular  subject  of  especial  interest  to 
forest  products  researchers.  They  may  vary  in 
size  from  small  pamphlets  to  full-sized  books, 
according  to  the  subject  matter,  the  author,  and 
the  available  means  for  financing  and  publish- 
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ing.  They  may  also  vary  in  character  from  pop¬ 
ular  treatises  for  the  lay  reader  to  the  most  de¬ 
tailed  scientific  publications  for  the  specialist. 
Such  publications  would  facilitate  the  task  of 
the  novice  in  learning  what  is  known  and 
would  make  it  easier  for  him  to  avoid  starting 
research  on  problems  that  have  already  been 
solved.  They  would  also  serve  as  basing  points 
for  new  research  or  development  and  would 
undoubtedly  stimulate  the  thinking  of  research 
workers.  The  less  technical  treatises  would  be 
useful  to  the  members  of  the  Society  and  others 
who  are  not  engaged  directly  in  research  but 
are  interested  in  it  or  may  be  sponsoring  it. 

While  the  need  for  some  such  monographs 
is  evident,  the  problem  of  financing  their  prep¬ 
aration  and  publication  is  not  simple.  Most  of 
them  probably  would  have  limited  sale  and 
would  fall  considerably  short  of  being  self 
supporting.  Possibly  some  monographs  could 
be  prepared  by  special  committees  of  the  Soci¬ 
ety.  Others  might  be  undertaken  by  interested 
individuals  who  have  special  knowledge  in  the 
field  and  the  ability  to  sununarize  and  present 
it  effectively.  Other  organizations,  alone  or  in 
cooperation  with  the  Society,  should  also  be 
encouraged  to  produce  some  of  the  desired 
publications.  Within  its  financial  and  other 
limitations  the  Society  should  encourage  the 
publication  of  needed  monographs  by  all  suit¬ 
able  methods  and  agencies. 

Another  device  for  bringing  researchers  in  a 
given  field  up  to  date  is  the  "round  table  dis¬ 
cussion."  By  this  we  mean  assembling  a  limited 
group  of  active  research  workers  concerned 
with  a  given  problem  for  the  purpose  of  dis¬ 
cussing  their  research  methods  and  results. 
Such  meetings  can  sometimes  last  several  days 
to  advantage  and  their  participants  can  go  into 
greater  technical  detail  with  regard  to  methods 
and  results  than  is  usually  desirable  in  large 
public  meetings.  They  may,  when  desirable,  be 
in  the  nature  of  a  formal  symposium  with  pre¬ 
pared  papers  limited  to  a  given  subject.  The 
meetings  can  bring  out  differences  of  opinion 
as  to  the  value  and  usefulness  of  different 
methods  or  the  meaning  of  results.  They  serve 
to  open  the  eyes  of  the  beginners  and  sharpen 
the  ideas  of  the  more  experienced.  Round  table 
discussions,  when  confined  to  a  single  subject 
and  efficiently  planned  and  handled  have  been 
found  exceedingly  helpful  to  research  workers. 


In  some  of  the  less  difficult  subjects  they  can 
also  be  very  interesting  and  informative  to  a 
non-participating  audience. 

The  committee  believes  that  the  Scxriety 
should  encourage  the  round  table  method  of 
holding  research  discussions  at  IcKal,  national, 
and  international  levels  and  should  cooperate 
fully  with  any  other  organization  interested  in 
or  sponsoring  such  meetings.  It  should  be  em¬ 
phasized  that  these  are  usually  small  meetings 
and  may  be  held  at  any  suitable  time  or  place. 
They  may  be  but  need  not  be  held  in  connec¬ 
tion  with  the  annual  meetings  of  the  Society 
or  the  local  meetings  of  its  sections.  Their 
important  function  is  to  get  experts  together 
for  informal  but  detailed  and  intimate  discus¬ 
sions. 

Throughout  its  consideration  of  its  assign¬ 
ment,  the  committee  has  kept  in  mind  the  fact 
that  coordination  of  research  is  only  one  of  the 
objectives  of  the  Society  and  can  only  hope  for 
its  proportionate  share  of  the  Society’s  thought 
and  energy.  It  is  an  important  objective,  how¬ 
ever,  and  should  receive  its  full  share  of  atten¬ 
tion  if  the  Society  is  to  serve  its  members  ade¬ 
quately. 

It  is  not  the  desire  of  the  committee  that  the 
attached  policy  statement  on  Coordination  of 
Forest  Products  Research  shall  be  adopted  im¬ 
mediately  as  the  policy  of  the  Society.  It  can 
undoubtedly  be  improved  by  thought  and  dis¬ 
cussion.  It  is  our  hope  that  it  will  receive  thor¬ 
ough  discussion  at  the  present  meeting  and 
through  the  coming  year.  There  is  no  need  for 
haste.  Possibly  with  amendments  it  can  be 
offered  for  formal  adoption  next  year.  In  offer¬ 
ing  this  policy  statement  the  committee  is  fully 
aware  that  the  recommendations  cannot  be  put 
into  effect  immediately.  They  must  serve  as 
goals  to  work  toward  rather  than  as  directives 
requiring  immediate  action. 

Policy  Statement 

Coordination  of  Forest  Products  Research 

It  is  the  policy  of  the  Forest  Products  Re¬ 
search  Society  to  encourage  and  to  stimulate 
forest  products  research  in  every  practicable 
way  so  that  by  means  of  increased  funds,  more 
cooperative  effort,  and  higher  efficiency  in  the 
use  of  available  time,  personnel,  facilities,  and 
money,  more  rapid  progress  and  greater  accom¬ 
plishments  can  be  achieved.  The  Society  is 
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gratified  when  increased  funds  are  made  avail¬ 
able  to  private  and  public  agencies  for  expan¬ 
sion  of  forest  products  research  activities,  but 
it  is  firm  in  its  conviction  that  the  funds  avail¬ 
able  to  any  agency  at  any  time  must  be  spent 
with  maximum  effectiveness.  Each  agency, 
through  voluntary  coordination  with  the  efforts 
of  all  other  agencies  in  its  field,  can  assist 
materially  in  realizing  a  greater  over-all  effi¬ 
ciency. 

The  Society  fully  appreciates  that  in  a  free 
democracy  there  can  be  no  dictated  or  compul¬ 
sory  coordination  of  the  research  activities  of 
different  agencies.  Each  research  establishment, 
public  or  private,  is  responsible  to  those  who 
finance  its  program  and,  within  the  limitations 
imposed  by  its  financial  sponsors,  it  is  free  to 
select  and  to  woric  on  its  own  projects.  The 
Society  also  recognizes  that,  for  business  and 
financial  reasons,  much  private  and  industrial 
research  will  be  kept  confidential  and  that  re¬ 
sults  of  such  research  will  not  be  published. 
Research  programs  of  public  agencies,  how¬ 
ever,  are  usually  not ' confidential,  and  results* 
are  published  currently.  Despite  these  limiting 
factors,  there  is  much  latitude,  through  indi¬ 
vidual  coordination  and  cooperative  action,  for 
avoiding  duplication  of  research  effort. 

The  Society  has  no  authority  over  any  re¬ 
search  agency  and  no  powers  of  coercion.  It 
must,  however,  constantly  keep  the  need  for 
research  coordination  before  its  members  and 
the  public  and  must  encourage  and  facilitate 
cooperation  and  coordination  by  all  practical 
means  at  its  disposal.  Important  among  these 
means  are: 

1.  Providing  for  discussions  of  research 
objectives,  programs,  and  results  at  annual 
meetings  of  the  Society  and  in  the  publication 
of  its  Annual  Proceedings. 

2.  Presenting  papers  and  discussions  at 
local  meetings  of  Society  Sections. 

3.  Publishing  appropriate  new  items  and 
abstracts  in  the  Society’s  monthly  bulletin. 

4.  Increasing  the  availability  of  abstracts  of 
publications  relating  to  forest  products  research 
and  development. 

3.  Sponsoring  the  publication  of  mono¬ 
graphs  or  reviews  on  specific  subjects  to  review 
the  current  knowledge  of  each  subject,  to  pro¬ 
vide  a  solid  background  for  developing  new 
projects,  and  to  avoid  useless  repetition. 


6.  Sponsoring  and  encouraging  round  table 
meetings  of  experts  engaged  in  or  interested  in 
specific  subjects  or  lines  of  research,  for  in¬ 
formal  discussion  of  their  progress,  meffiods, 
and  problems. 

7.  Searching  for  other  practical  methods  of 
bringing  about  greater  cooperation  and  coordi¬ 
nation. 

Duplication  or  repetition  of  research  is  often 
desirable  in  order  (a)  to  check  the  work  of 
previous  investigators,  particularly  when  more 
precise  equipment  or  procedures  have  been  de¬ 
signed,  (b)  to  attack  a  problem  with  a  differ¬ 
ent  approach,  or  (c)  to  attempt  to  apply  pre¬ 
viously  reported  research  results  to  local  needs 
and  conditions.  Repetition  of  research  because 
of  ignorance  of  what  has  been  or  is  being 
done,  because  of  a  lack  of  vision  to  plan  some¬ 
thing  different,  or  because  of  an  effort  to  beat 
someone  else  to  the  goal  is  undesirable  and 
wasteful.  The  Society  must  do  everything  pos¬ 
sible  to  discourage  such  sterile  activities. 

Committee  on  Coordination  of 
Forest  Products  Research 

George  M.  Hunt,  Chairman 
William  J.  Baker 
Albert  G.  H.  Dietz 
Grant  Dixon 
H.  C.  Moser 
Harry  F.  Lewis 
T.  R.  Truax 

Discussion 

George  M.  Hunt  (Forest  Products  Labora¬ 
tory)  :  I  had  hoped  that  a  number  of  com¬ 
mittee  members  could  be  here  today  to  present 
their  ideas  on  the  relative  emphasis  that  should 
be  placed  on  some  of  the  items  in  the  report. 
While  we  agreed  on  the  report  as  a  whole, 
some  of  the  committee  members  feel  that  cer¬ 
tain  parts  of  our  recommendations  could  prop¬ 
erly  receive  more  emphasis.  In  that  connection 
I  want  to  read  into  the  record  some  comments 
of  Dr.  Dietz,  a  member  of  the  committee  who 
could  not  be  with  us  today.  In  a  recent  letter 
he  said: 

"I  do  not  think  I  have  anything  to  add 
to  the  discussion  of  the  report  of  the  Com¬ 
mittee  on  Coordination  of  Research.  In  pre¬ 
vious  correspondence,  I  have  indicated  that 
it  seemed  to  me  that  the  position  of  funda- 
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mental  research  was  rather  poorly  defined, 
and  not  too  well  coordinated.  This  is  the 
type  of  work  that  is  apt  to  be  carried  on  in 
universities  and  similar  places  where  imme¬ 
diate  goals  are  not  too  pressing  and  the  re¬ 
search  man  can  go  in  the  direction  of  funda¬ 
mentals.  It  seems  to  me  that  a  good  deal  of 
this  work  never  comes  to  light  because  it 
may  be  carried  on  by  either  graduate  or 
under-graduate  students  under  the  direction 
of  a  professor  who  happens  to  be  interested 
in  some  particular  problem.  Frequently,  this 
kind  of  work  may  yield  negative  results,  and 
consequently  is  never  discussed.  In  other 
cases,  it  may  yield  interesting  positive  re¬ 
sults,  but  the  results  are  not  sufficiently  ad¬ 
vanced  to  warrant  publication.  The  conse¬ 
quence  is  that  there  may  be  a  good  deal  of 
work  duplicated  in  various  places  merely  be¬ 
cause  no  one  knows  what  has  been  done 
before.  This  type  of  research,  even  though 
it  is  of  a  rather  low  level  in  many  instances, 
might  at  least  provide  ideas  to  other  workers 
if  there  were  some  way  of  making  it  known. 

"It  may  be  that  the  Forest  Products  Re¬ 
search  Society  could  find  ways  of  unearth¬ 
ing  this  kind  of  information  and  passing  it 
along  to  other  interested  groups.” 

Arm'tn  Elmendorf  (Elmendorf  Research, 
Inc.)  :  I  would  like  to  commend  the  G>mmit- 
tee  for  the  constructive  suggestions  made  in 
its  report.  The  report  states  quite  correctly  that 
much  private  and  industrial  research  will  be, 
and  must  of  necessity  be,  kept  confidential. 
Private  agencies  therefore  depend  to  a  very 
great  extent  for  the  stimulus  that  every  research 
worker  needs,  upon  the  published  results  of 
work  done  in  publicly  supported  laboratories. 
I  would  therefore  like  to  stress  the  need  and 
importance  of  making  the  complete  record  of 
work  done  on  significant  problems,  available 
to  those  currently  active  in  each  of  these  fields. 

Competition  amcmg  research  workers  is  in 
my  opinion  very  desirable  and  of  first  impor¬ 
tance  in  all  creative  work  of  this  kind.  I  there¬ 
fore  see  no  real  objection  to  the  duplication  of 
effort  if  several  agencies  should  happen  to  en¬ 
gage  upon  work  simultaneously  in  the  same 
field.  We  can  safely  rely  upon  the  fact  that 
the  individuality  of  each  worker  will  cause  him 
to  emphasize  and  select  variables  for  his  study 


that  are  going  to  differ  from  those  selected  by 
others,  and  that  the  outcome  of  the  various  in¬ 
vestigations  is  not  going  to  be  exactly  the  same. 
Interpretations  of  even  the  same  data  may  vary 
considerably.  If  meetings  could  be  arranged  of 
the  specialists  or  experts  each  active  on  some 
phase  of  a  problem  there  can  be  a  meeting  of 
minds  and  new  stepping  stones  can  thusly  be 
laid  on  the  path  of  progress. 

Ignorance  of  what  is  being  done  simultane¬ 
ously  by  others  is  in  my  opinion  no  serious 
handicap  or  retardant  of  progress  in  science. 
Knowing  that  others  are  working  in  the  same 
field  may  in  fact  spur  researdi  workers  to  a 
very  healthy  activity.  But  ignorance  of  what 
has  been  done  by  others  in  the  past,  whose 
work  has  been  published,  is  costly  ignorance 
and  may  very  well  lead  to  sterile  activities. 

It  would  be  advisable  and  undesirable,  even 
if  it  were  possible,  for  the  Society  to  assign  re¬ 
search  work  to  various  agencies  in  order  thereby 
to  avoid  duplication  of  effort.  The  Report  of 
the  G>mmittee  on  Gx)rdination  points  out  that 
*  the  Society  has  no  authority  over  any  research 
agency  and  no  powers  of  coercion.  I  would  like 
to  add  to  this  that  even  though  the  Society 
has  no  such  powers,  it  should  not  even  under¬ 
take  discussion  of  any  program  of  coordination 
which  might  be  interpreted  as  a  wish  for  sepa¬ 
ration  of  research  activities  into  various  agen¬ 
cies.  Maximum  progress  requires  maximum 
freedom  to  the  spirit  of  inquiry. 

I  would  like  to  suggest  that  greater  em¬ 
phasis  be  placed  in  the  Committee’s  Report  on 
the  need  for  substantially  complete  bibliogra¬ 
phies  of  the  literature  on  important  subjects  of 
interest  to  those  engaged  in  forest  prcklucts  re¬ 
search.  Volunteers  might  undertake  the  com¬ 
pilation  of  such  bibliographies  from  informa¬ 
tion  obtained  from  the  Society  membership, 
and  brief  abstracts,  of  two  or  three  sentences, 
prepared  by  properly  qualified  individuals, 
could  be  compiled.  Such  abstracts  could  be  pre¬ 
sented  at  Section  meetings  and  in  due  course 
they  could  all  be  published  by  the  Society.  I 
would  be  grateful  indeed  if  I  had.  access  to 
authoritative  bibliographies  of  this  type. 

E.  George  Stern  (Virginia  Polytechnic  Insti¬ 
tute)  :  'The  Committee  on  Coordination  of  For¬ 
est  Products  Research  suggests  that  papers  on 
and  abstracts  of  current  findings  be  currently 
made  available  to  the  Society  members.  Financ- 
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ing  such  dissemination  of  information  seems  to 
be  the  outstanding  difficulty. 

The  Society  has  made  arrangements  with  the 
editors  of  Wood  magazine  for  publication  of 
Society  news.  Further  cooperation  with  the 
editors  may  result  in  a  column  in  this  maga¬ 
zine  devoted  to  dissemination  of  information 
based  on  investigations  performed  during  the 
past  months  or  even  being  performed  in  vari¬ 
ous  laboratories.  Such  a  colmnn  could  never 
claim  to  completely  cover  all  investigations, 
since  some  will  never  be  reported  or  published. 
On  the  other  hand,  a  considerable  amount  of 
information  on  current  investigations  could  be 


published  in  such  a  column  by  means  of  prop¬ 
erly  edited  notes  and  abstracts.  Individuals  and 
organizations  interested  in  the  respective  sub¬ 
ject  matters  could,  as  a  result  of  publication, 
contact  the  investigators  for  further  informa¬ 
tion.  An  editorial  note  could  refer  to  planned 
presentation  of  detailed  data  at  later  meetings 
of  technical  and  research  Societies  and  to 
plaimed  publication  in  technical  magazines  and 
bullotins. 

By  the  above  means,  current  research  find¬ 
ings  could  be  brought  to  the  attention  of  the 
public  without  any  appreciable  delay  or  cost  to 
the  Society. 
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State  Forest  Products  Research  in  Michigan 

Hereford  Garland 

Director,  Forest  Products  Research  Division,  Michigan  College  of  Mining  and  Technology 


Altbou^  the  forest  resources  and  the  forest  products  industries  of  Michigan  have  changed  markedly  since 
the  time  wnm  it  was  the  Nation’s  leading  lumher  producer,  these  ate  still  major  elements  in  the  economy  of 
the  sute.  Forest  produas  research  has  been  oi|cially  recognized  as  an  instrument  for  jguiding  changes  in  wood 
production  and  wood  use  toward  economic  developiment.  Three  state  educational  institutions  are  applving  staff 
and  facilities  to  the  problems  of  wood  utilization  and  two  state  departments  are  actively  involved  in  tne  Indus¬ 
trial  application  of  forest  products  research  results.  The  efforts  of  all  of  these  Michigan  agencies  are  coordi¬ 
nated,  and  reviewed  by  industry  representatives. 


The  history  books  give  us  a  rather  dismal 
picture  of  Michigan  as  a  land  where  the 
timber  barons  cut  out  and  got  out  leav¬ 
ing  behind  stumps,  tax  delinquent  land  and  a 
wood-using  industry  without  wood  to  use.  This 
picture  never  was  quite  right  and,  of  course, 
it  presents  an  entirely  false  impression  because 
it  is  static  and  takes  no  account  of  the  dynamic 
factors  that  have  been  active  since  the  "good 
old”  white  pine  days.  The  true  story  of  forest 
products  in  Michigan  is  a  moving  picture  in 
which  changes  are  continually  taking  place. 
Forest  products  research  can  have  an  important 
part  in  developing  and  modifying  the  picture. 

Significance  of  the  Forest  Products 
Industries 

Timber  Resources 

It  is  true  that  the  great  bulk  of  the  readily 
accessible  standing  timber  has  been  removed- 
but  the  timber  growing  lands  for  a  great  por¬ 
tion  of  the  state  have  remained  as  such  and 
have  been  more  or  less  productive.  Fire  in  the 
past  has  deteriorated  the  growing  capacity  of 
many  thousands  of  acres  but  fire  is  now  being 
controlled  and  these  lands  are  slowly  recover¬ 
ing.  Much  of  the  timber  land  that  was  once 
termed  cut-over  has  again  attained  commercial 
importance  with  the  yield  of  a  second  crop  and 
other  large  forest  areas  may  be  expected  to 
grow  into  this  classification  within  the  fore¬ 
seeable  future.  In  the  southern  part  of  the  state 
the  original  timberland  was  mainly  converted 
to  farming  but  even  here  the  inevitable  farm 
woodlot  has  become  a  commercially  significant 
timber  producing  factor. 

The  moving  resource  picture  in  Michigan 
shows  timber  growth  approaching  a  balance 
with  timber  drain  and  indicates  the  probability 


of  an  eventual  increase  in  wood  supply  for 
industry. 

The  relative  importance  of  Michigan  timber 
species  has  changed  and  will  probably  change 
further.  White  pine  is  little  more  than  a 
memory  but  the  northern  hardwoods  which 
were  passed  over  by  the  early  lumberman  as 
inferior  species  are  enjoying  a  better  demand 
than  white  pine  ever  did.  In  recent  years  hem¬ 
lock  has  gained  a  respectability  denied  it  in  a 
softwood  lumber  market  dominated'  by  pine. 
With  the  growing  scarcity  of  spruce,  pulp  mills 
have  cultivated  an  appetite  for  balsam  and  now 
the  lowly  "popple”  or  aspen  has  become  a  full 
fledged  pulpwood  species.  How  soon  aspen 
will  become  recognized  in  the  lumber  trade  as 
a  suitable  substitute  for  the  vanishing  basswood 
will  depend  somewhat  on  forest  products 
research. 

The  stumpage  value  picture  is  dynamic  too. 
No  species  has  a  negative  value,  and;  with  a 
high  component  of  maple  and  birch  the  north¬ 
ern  hardwood  timber  stands  undoubtedly  con¬ 
tain  more  value  per  acre  than  any  in  the  coun¬ 
try  with  comparable  volume. 

Michigan’s  timberland  ownership  pattern  has 
become  progressively  less  fluid.  Tax  deeded 
cut-over  lands  which  once  were  the  natural 
aftermath  of  logging  have  now  been  fairly  well 
blocked  into  state  and  federal  forests  and  are 
being  managed  to  sustain  a  future  industry. 
Timberland  values  as  well  as  stumpage  values 
are  being  recognized  by  private  owners  and  the 
meaning  of  tree  reproduction  is  becoming  in¬ 
creasingly  significant.  More  and  more  timber 
operators  are  practicing  some  form  of  selective 
cutting.  The  modern  tendency  to  retain  timber¬ 
land  for  its  growth  potential  is  disclosed  in  a 
recent  study  of  ownership  in  the  Upper  Penin- 
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sula.  Two  million  four  hundred  thousand 
acres,  or  45  percent,  of  the  privately  owned 
commercial  forest  land  is  in  ownerships  of 
1,000  acres  or  more.  This  is  particularly  sig¬ 
nificant  in  consideration  of  the  fact  that  the 
old-growth  hardwood  forest  type  amounts  to 
less  than.  800,000  acres  in  that  area. 

Although  Michigan’s  proper  nickname  is  the 
"Wolverine  State",  it  is  sometimes  facetiously 
referred  to  by  foresters  as  "The  Forestry  School 
State”  because  it  is  the  only  state  offering  pro¬ 
fessional  forestry  training  in  three  different  in¬ 
stitutions.  Actually,  this  constitutes  recognition 
by  the  public  and  the  career-seeking  under¬ 
graduates  that  the  forest  resource  and  its  util¬ 
ization  is  a  large  factor  in  the  economy  of  the 
state. 

Wood-Using  Industries 

The  primary  wood-using  industries,  those 
depending  directly  upon  the  forests  for  raw 
material,  have  undergone  transitions  correlated 
with  the  changes  in  the  resource  and  in  the 
general  economic  position  of  the  state.  Gone 
are  the  huge  pine  mills  which  at  their  peak  cut 
over  5  billion  feet  of  timber  annually.  How¬ 
ever,  sawmilling  is  still  an  important  activity. 
There  were  1,900  active  sawmills  reported  in 
Michigan  for  1947,  with  a  total  production  of 
580  million  board  feet.  Sixty-five  percent  of 
that  production  was  hardwood  and  nearly  forty 
percent  of  the  total  was  birch  and  maple.  The 
trend  in  sawmilling  is  toward  smaller  produc¬ 
tion  units  and  smaller  lower  grade  logs. 

Sawmilling  no  longer  dominates  the  forest 
products  picture  as  it  once  did.  There  has  been 
a  strong  trend  towards  diversification  of  the 
primary  wood-using  industries.  Pulp  mills  con¬ 
stitute  a  major  factor  in  the  total  cubic-foot 
wood  harvest.  The  choicest  portion  of  the  saw- 
log  stand  is  now  consigned ‘.to  veneer  mills. 
Michigan  has  twb  of  the  largest  and  most  effi¬ 
cient  hairdwood  distillation  plants  in  the  coun¬ 
try.  Rough  wood  products  such  as  mine  tim¬ 
bers,  posts,  and  ties  account  for  a  considerable 
timber  harvesting  industry. 

The  unused  wood  by-products  from  logging 
and  primary  milling  present  a  challenge  to  the 
forest  products  researcher  in  Midiigan  as  they 
do  in  all  other  timber  producing  states.  How¬ 
ever,  the  problem  here  fortunately  is  unique  in 
that  this  potential  raw  material  is  readily  acces¬ 


sible  for  concentration  -at  a  processing  point 
and  is  located  within  a  relatively  short  shipping 
distance  of  important  product  consumir:g  areas. 

The  *  seconciary  wood-using  industries  of 
Michigan,  those  using  lumber  or  .other  par¬ 
tially  manufactured  wood  as  raw  material,  are 
not  particularly  integrated  with  the  timber  re¬ 
source.  While  most  of  the  product  of  the 
northern  forest  is  shipped  out  of  state  as  rough 
lumber  and  pulpwood,  the  wood  products  man¬ 
ufacturing  plants  in  the  southern  area  import  a 
large  proportion  of  their  raw  material  from 
other  states.  The  Grand  Rapids  furniture  in¬ 
dustry  which  had  its  beginnings  when  Mich¬ 
igan  timber  was  readily  accessible  to  it  as  raw 
material  has  stayedi  in  place  and  developed  pri¬ 
marily  because  of  manufacturing  and  merchan¬ 
dising  "know  how”.  Then  with  the  indastrial 
growth  of  the  state  a  great  variety  of  wood 
product  manufacturing  plants  became  estab¬ 
lished  in  southern  Michigan.  There  were  542 
plants  producing  finished  wood  products  in  this 
part  of  the  state  in  1939  and  there  is  reason  to 
believe  that  there  has  been  some  expansion 
since  then.  In  the  Upper  Peninsula,  the  forest 
products' industries  are  still  predominately  pri¬ 
mary  in  character  but  there  is  a  definite  tend¬ 
ency  to  take  advantage  of  the  economies  of 
remanufacturing  the  northern  species  near  the 
source  of  supply. 

The  forest  products  industries  form  an  im¬ 
portant  facet  in  Michigan’s  economy  and  they 
will  undoubtedly  continue  to  change  and  de¬ 
velop  as  they  have  in  the  past.  Forest  products 
research  can  help  to  guide  the  changes  and 
stimulate  develofwnent. 

Forest  Products  Research  as  an  Instrument 
of  Economic  Development 

State  Sponsorship 

The  first  direct  recognition  of  forest  prod¬ 
ucts  research  as  a  state  activity  in  Michigan 
came  in  1944.  The  Upper  Peninsula  Technical 
and  Ad,vi^ry  .G)mmittee  to  the  Michigan 
Planning^Commission  was  at  that  time  study¬ 
ing  the  economic  problems  of  that  area  with 
the  aid  of  a  number  of  industrial  sub-commit¬ 
tees.  Two  of  these  sub-committees,  one  on 
forest  products  and  the  other  on  chemical  and 
metallurgical  processes,  recommended  that  a 
state  appropriation  of  $25,000  be  made  for  a 
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study  of  the  possibilities  in  the  industrial  util¬ 
ization  of  wood.  This  recommendation  was 
promptly  passed  through  the  regional  advisory 
committee  and  the  Planning  Commission  to  the 
Governor  and  the  Little  Legislature.  In  Octo¬ 
ber  1944  allottment  of  the  requested  funds  was 
made  to  the  Michigan  Planning  Commission 
and  the  Governor  appointed  a  Forest  Products 
Research  Committee  to  advise  the  Commission 
on  the  use  of  the  fund.  The  Committee  was 
composed  of  representatives  of  the  three  state 
technical  institutions,  the  Department  of  Con¬ 
servation,  and  several  branches  of  the  wood¬ 
using  industry  with  Dr.  Grover  C.  Dillman, 
President  of  Michigan  College  of  Mining  and 
Technology,  as  Chairman. 

The  Advisory  Committee’s  first  action  was 
to  call  upon  a  small  group  of  consultants  from 
state  agencies  to  study  the  overall  wood  utiliz¬ 
ation  problem  in  Michigan  and  to  propose 
specific  research  projects.  This  group,  working 
under  the  direction  of  Mr.  Stanley  G.  Fon- 
tanna.  Deputy  Director  of  the  Michigan  De¬ 
partment  of  Conservation,  reported  to  the  Ad¬ 
visory  Committee  in  1945.  Its  findings  were 
published  as  a  bulletin  of  the  Michigan  Plan¬ 
ning  Commission  in  1946  under  the  title 
"Wood  Utilization  Prd^lems  and  Possibilities 
in  Michigan”. 

The  six  most  urgent  projects  recommended 
by  the  consulting  group  were  assigned  to  three 
appropriate  state  research  institutions  with 
funds  allotted  for  the  work.  Reports  on  these 
projects  were  published  in  1947  as  bulletins 
of  the  Michigan  Department  of  Economic 
Development,  as  follows:  7 

Inventory  and  Directory  of  Wood  Using 
Industries  of  the  Upper  Peninsula  of 
Michigan,  by  Hereford  Garland,  Mich¬ 
igan  College  of  Mining  and  Technology. 

Small  Sawmill  Improvements — A  Progress 
Report,  by  Richard  C.  Johnson,  Michigan 
State  College. 

The  Michigan  Wood  Turning  Industry — 
Status  and  Outlook  for  Expansion,  by 
A.  J.  Pan^in,  Michigan  State  College. 

Manufacture  and  Use  of  Small  Dimension — 
A  Progress  Report,  by  Robert  Craig,  Jr., 
University  of  Michigan. 

Wood  Defiberization — A  Progress  Report, 
by  Robert  Craig,  Jr.,  University  of  Mich¬ 
igan. 


Utilization  of  Aspen — A  Problem  Analysis, 
by  Hereford  C^land,  Michigan  College 
of  Mining  and  Technology. 

National  Conference 

Besides  periodically  reviewing  progress  on 
the  state  projects,  the  Forest  Products  Research 
Advisory  Committee  of  the  Michigan  Planning 
Commission  considered  the  overall  aspects  of 
a  state  program.  At  a  meeting  in  July  1945  it 
was  suggested  that  other  states  might  be  con¬ 
cerned  with  similar  programs  to  develop  forest 
products  industry.  It  was  the  recommendation 
of  this  Committee  that  the  Planning  Commis¬ 
sion  approach  other  state  agencies  and  the 
Forest  Products  Laboratory  proposing  a  na¬ 
tional  conference  to  exchange  information  on 
forest  products  research  programs.  The  result 
of  this  recommendation  was  the  Conference  on 
State  and  Federal  Forest  Products  Research 
Programs  held  at  Madison  on  March  18  to  20, 

1946.  It  was  sponsored  jointly  by  the  Forest 
Proihicts  Laboratory  and  the  Michigan  Plan¬ 
ning  Commission.  The  collected  papers,  of  the 
conference  provided  a  valuable  fund  of  infor¬ 
mation  on  the  current  activities  of  virtually  all 
public  agencies  engaged  in  forest  products 
research. 

During  the  course  of  keynoting  the  confer¬ 
ence  Dr.  Dillman  posed  the  question  "Should 
we  not 'consider  the  advisability  of  forming  a 
permanent*  organization  to  facilitate  the  inter¬ 
change  of  forest  products  research  informa¬ 
tion?”  Specific  action  was  taken  on  this  ques¬ 
tion  when  Dean  Samuel  T.  Dana,  one  of  the 
Michigan  Planning  Commission  advisors, 
moved  that  a  committee  including  representa¬ 
tives  of  industry  and  public  agencies  be 
charged  with  the  responsibility  of  planning  a 
permanent  national  forest  products  organiza¬ 
tion.  From  these  beginnings  the  Forest  Prod¬ 
ucts  Research  Society  was  launched  in  early 

1947.  Michigan  may  be  justly  proud  of  the 
enthusiasm,  as  measured  by  the  phenomenal 
growth  of  the  Society,  with  which  her  pioneer¬ 
ing  suggestion  has  been  received. 

Michigan  Forest  Products  Research  Agencies 
University  of  Michigan 
Since  the  organization  of  the  School  of  For¬ 
estry  and  Conservation  at  the  University  in 
1927,  wood  technology  has  had  a  place  in  the 
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research  program  both  at  the  sta£F  and  student 
levels.  This  work  has  had  more  emphasis  since 
1934  when  a  separate  curriculum  in  wood 
technology  was  first  offered.  Graduate  prob¬ 
lems  and  staff  projects  have  covered  a  wide 
range  of  topics,  mostly  on  the  mechanical  and 
physical  properties  of  woods  and  wood  prod¬ 
ucts,  and  wood  fabrication  procedures. 

For  the  past  several  years  the  staff  of  the 
wood  technology  laboratory  has  been  in  a  posi¬ 
tion  to  engage  in  contract  research  handled 
through  the  Engineering  Research  Institute  of 
the  University.  One  major  project  in  progress 
at  this  time  is  a  study  of  adhesives  in  furniture 
manufacture  supported  by  the  National  Asso¬ 
ciation  of  Furniture  Manufacturers.  Financial 
support  for  forest  products  research  comes 
from  regular  state  University  appropriations 
and  from  cooperators. 

In  1948  the  school  formally  opened  an  ex¬ 
panded  Wood  Technology  Laboratory  devoted 
to  teaching  and  research.  The  17,000  sq.  ft.  of 
space  provides  separate  laboratories  for  the 
study  of  wood  structure,  wood  machining, 
wood  finishing,  and  testing  and  gluing.  Also 
included  are  a  fully  controlled  dry  kiln  and 
experimental  pressure  treating  plant,  a  tool 
grinding  shop,  and  controlled  temperature  and 
humidity  rooms. 

Three  staff  members,  William  Kynoch, 
Robert  Craig,  Jr.,  and  L.  A.  Patronsky,  are 
assigned  to  teaching  and  research  in  wood 
technology  on  a  full  time  basis.  The  work  is 
under  the  administration  of  Dean  S.  T.  Dana. 

Michigan  State  College 

The  Department  of  Forestry  here  has  carried 
on  forest  products  research  on  the  graduate 
level  mainly  since  1935.  The  graduate  prob¬ 
lems  have  included  kiln  drying,  fire  proofing, 
wood  structure  studies,  forest  products  mer¬ 
chandising,  maple  syrup  production,  wood  sta- 
'  bilization,  radio  frequency  gluing,  and  lumber 
grade  production  studies.  Staff  projects  have 
included  industry  surveys  and  the  improvement 
of  sawmill  equipment. 

Present  projects  are  concerned  with  methods 
of  chemical  seasoning  of  lumber  and  the  prep¬ 
aration  of  an  extension  bulletin  on  the  con¬ 
struction  and  operation  of  lumber  dry  kilns. 
Financial  support  for  forest  products  research 


comes  from  state  and  federal  appropriations 
and  governmental  or  industrial  cooperators. 

Wood  utilization  research  facilities  at  Mich¬ 
igan  State  have  been  expandecl  in  recent  years. 
They  include  a  modern  dry  kiln,  a  pressure 
treating  plant,  a  general  wood  working  shop, 
and  a  glue  and  press  r(x>m.  A  new  sawmill 
building  houses  a  circular  sawmill  and  provi¬ 
sion  is  made  for  the  installation  of  a  band  mill. 
Plans  have  been  made  for  a  finishing  labora¬ 
tory. 

Staff  members  assigned  to  wood  utilization 
and  technology  are  A.  J.  Panshin  and  J.  W. 
Creighton.  They  divide  their  time  between 
teaching  and  research.  Dr.  P.  A.  Herbert  is 
head  of  the  Department  of  Forestry. 

Michigan  College  of 
Mining  and  Technology 

Forest  products  research  activities  were 
begun  at  the  college  with  the  initial  phase  of 
the  Planning  Commission  program.  The  two 
projects  assigned  to  the  college  were  carried 
out  by  a  staff  member  during  1945  and  1946. 

In  1947  the  present  forest  products  research 
program  at  Michigan  Tech  was  authorized  by 
the  State  Legislature,  and  the  Forest  Products 
Researcii  Division  was  established  by  the 
Board  of  Control  of  the  College.  It  was  speci¬ 
fied  that  the  woric  be  directed  at  the  utilization 
and  marketing  problems  of  wood  industries  in 
the  timbered  areas  in  the  state.  Planning  and 
progress  of  the  projects  are  reviewed  period¬ 
ically  by  an  advisory  conunittee  composed  of 
eleven  representatives  from  the  various 
branches  of  the  wood-using  industries  and  four 
representatives  of  other  research  agencies.  * 
The  present  program  consists  of  four 
projects:  (1)  Hardwood  fiber  production — a 
study  of  the  possibilities  of  producing  corru¬ 
gating  board  from  logging  residues;  (2)  Util¬ 
ization  of  low  grade  hardwood  lumber — an  in¬ 
vestigation  of  the  use  of  small  cuttings  through 
mechanized  preparation  and  fabrication;  (3) 
Timber  harvesting — the  mechanization  of  saw- 
log  and  pulpwood  logging;  (4)  Industry  de¬ 
velopment — spot  studies  and  technical  aid  of  a 
local  or  individual  nature.  Graduate  problems 
involving  wood  utilization  in  the  engineering 
departments  of  the  college  are  guided  by  the 
personnel  of  the  Forest  Products  Research 
Division. 
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Research  facilities  in  the  laboratories  of  the 
Mechanical,  Civil,  Electrical,  and  Chemical 
Engineering  departments  of  the  college  are 
available  for  the  program.  Wood  processing  is 
carried  on  in  the  maintenance  shops  where 
some  equipment  required  for  research  has  been 
installed,  including  a  radio  frequency  gener¬ 
ator,  gluing  equipment,  and  special  cutting 
tools.  Financing  of  the  program  is  handled  as 
a  special  item  in  the  state  appropriation  to  the 
College. 

The  Forest  Products  Research  Division  is 
staffed  by  five  full  time  technical  men,  Here¬ 
ford  Garland,  A.  W.  Toole,  W.  H.  Koepp, 
L.  W.  Hooker,  and  C.  W.  Danielson,  Jr.  The 
staff  is  responsible  to  Dr.  G.  C.  Dillman,  Pres¬ 
ident  of  the  College. 

Michigan  Department  of  Conservation 

This  Department  took  an  active  part  in  the 
Planning  Commission  program  and  continues 
to  cooperate  with  other  state  agencies  on  forest 
products  problems.  Mr.  S.  G.  Fontanna,  Deputy 
Director,  is  a  member  of  the  Forest  Products 
Advisory  Committee  of  the  Department  of 
Economic  Development. 

The  Forestry  Division  has  recently  initiated 
a  research  program  under  the  supervision  of 
Norman  F.  Smith.  One  project  in  progress  is  a 
survey  of  the  wood-using  industries  of  south¬ 
ern  Michigan.  The  work  of  the  Division  on 
private  forestry  cooperation  is  in  charge  of 
T.  E.  Daw  and  his  functions  are  intermittently 
concerned  with  forest  products  problems. 

Michigan  Department  of 
Economic  Development 

The  Michigan  Planning  Commission  was 
abolished  by  the  legislature  in  1947  and  some 
of  its  functions  were  assumed  by  this  new 


agency.  On  the  recommendation  of  the  Forest 
Products  Advisory  Committee  of  the  Planning 
Commission  this  committee  was  reconstituted 
under  the  new  Department.- This  Committee  is 
composed  of  industry  representatives  and  rep¬ 
resentatives  of  all  state  agencies  concerned  with 
forest  products  research.  Its  function  is  to 
foster  development  of  the  wood  using  indus¬ 
tries  and  to  coordinate  state  research  efforts. 
Mr.  J<An  W.  Dregge,  of  Grand  Rapids,  is 
Chairman. 

One  staff  member  of  the  Deparbuent  is  a 
professional  forester,  George  E.  Billings,  who 
is  assigned  to  handle  industrial  development 
problems. 

Cooperating  Agencies 

A  discussion  of  forest  products  research  in 
Michigan  would  be  incomplete  without  men¬ 
tioning  the  splendid  cooperation  of  the  U.  S. 
Forest  Service.  Although  the  Lake  States  is  the 
only  eastern  forest  region  that  does  not  have 
the  benefit  of  a  Forest  Utilization  Service  Unit, 
Michigan  agencies  have  received  much  effective 
attention  to  problems  of  wood  use  presented 
to  Director  G.  M.  Hunt  and  the  staff  of  the 
Forest  Products  Laboratory. 

The  Lake  States  Forest  Experiment  Station 
has  frequently  been  called  upon  to  supply  data 
in  connection  with  Michigan  forest  products 
problems.  Director  E.  L.  Demmon  is  a  member 
of  the  Forest  Products  Advisory  Committee  of 
the  Department  of  Economic  Development. 

The  preparation  of  the  Lake  States  Aspen 
Report  series,  which  is  a  region-wide  group 
effort  under  the  leadership  of  the  Lake  States 
Forest  Experiment  Station,  is  a  fine  example  of 
inter-agency  cooperation  on  a  common  wood 
utilization  problem. 
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TECHNICAL  SESSION  VI 
Wednesday,  May  4,  1949,  2:30  P.  M. 

General  Subject:  Seasoning  and  Related  Problems 

Chairman:  Fred  W.  Gottschalk,  Technical  Director,  American  Lumber 
and  Treating  Company,  Chicago,  IlKnois  (Past  President,  FPRS) 

Recorder:  John  H.  Sweeney,  Aetna  Plywood  and  Veneer  Company,  Chi¬ 
cago,  Illinois  (Chairman,  Midwest  Section,  FPRS) 
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Direct  Gas-Fired  Kilns  in  the  South 

Mark  M.  Lehrbas 

Southern  Forest  Experiment  Station,  New  Orleans,  La. 


The  strong  demand  and  premium  prices  for  dry  lumber,  together  with  the  move  on  the  pan  of  sawmill 
operators  to  produce  finished  produ.ts  that  they  could  sell  at  retail,  is  leading  operators  in  the  South  to  look 
toward  kins  as  a  fast  and  protoble  method  of  drying  lumber.  In  recent  years  there  have  been  rapid  develop¬ 
ments  in  direct  n*  fired  kilu  for  the  use  of  smaller  concerns.  The  most  common  type  is  the  natural  draft  with 
man-fold  heat.  This  and  other  types  are  described.  Current  oMrating  costs  are  presented  based  upon  a  survey 
of  SO  operations.  Temperature  control  and  other  problems  are  discussed. 


Introducdon 

WOULD  like  to  make  it  clear  before  pre¬ 
senting  this  paper  on  direct  gas-fired  lumber 
dry  kilns  that  we  in  the  Forest  Utilization 
Service  are  not  interested  in  recommending, 
promoting,  or  selling  any  particular  type  of 
lumber  dry  kiln.  Our  work  with  direct  gas-fired 
kilns  has  been  in  connection  with  keeping 
posted  or  up  to  date  on  new  developments  in 
the  wood  seasoning  field.  Our  interest  is  in  the 
better  utilization  of  all  forest  products  and  any 
improvement  in  the  seasoning  practices  over 
existing  conditions  that  increases  the  utilization 
is  naturally  of  interest  to  us  and  considered  as 
part  of  our  normal  program. 

Until  recently  steam  was  practically  the  only 
medium  used  for  heating  lumber  dry  kilns  in 
the  South.  Although  other  types  of  heat,  in¬ 
cluding  gas,  pil,  etc.,  are  now  used,  steam  is 
still  by  far  the  most  universal  and  successful 
form  of  heating.  Steam  kilns  are  successfully 
used  for  precision  drying  of  all  species  of  lum¬ 
ber,  whether  air  seasoned  or  green  from  the 
saw,  and  for  all  types  of  products.  Usually, 
however,  only  those  larger  concerns  which  had 
steam  available  for  the  primary  plant  could 
afford  to  install  steam  kilns.  The  smaller  oper¬ 
ators,  who  used  Diesel,  gas,  or  other  forms  of 
power — and  there  are  approximately  15,000  of 
them  in  our  territory — ^were  usually  not  in  a 
position  to  install  expensive  steam  kiln  installa¬ 
tions  and  had  to  be  satisfied  to  sell  their  lumber 
either  in  a  green  or  air-dried  condition. 

During  and  since  the  war,  the  strong  de¬ 
mand  and  premium  prices  for  dry  lumber,  to¬ 
gether  with  the  move  on  the  part  of  sawmill 
operators  to  produce  finished  products  that  they 
could  sell  retail,  led  additional  operators  to 
look  towards  kilns  as  a  fast  and  profitable 
method  of  drying  lumber.  Natural  gas  is  avail¬ 


able  as  an  inexpensive  fuel  in  many  parts  of 
the  South.  Accordingly,  some  of  the  operators, 
together  with  kiln  engineers,  started  work  on 
the  development  of  direct  gas-fired  kilns,  gen¬ 
erally  of  a  type  which  would  serve  the  smaller 
operator  who  did  not  have  steam  available. 
The  first  stages  of  the  movement  were  particu¬ 
larly  directed  at  drying  pine  and  air-dried  hard¬ 
woods.  Requirements  here  were  not  very  exact¬ 
ing  and  very  little  trouble  of  a  technical  nature 
was  experienced.  The  usual  equipment  and 
facilities  for  precision  drying  were  not  consid¬ 
ered  necessary.  These  conditions  resulted  in  the 
development  of  rather  inexpensive  kilns  de¬ 
signed  for  specific  and  limited  needs.  Recently 
some  of  the  manufacturers  have  attempted  to 
incorporate  in  their  kilns  all  of  the  modern 
facilities  and  instruments  for  automatic  heat 
and  humidity  control  necessary  for  precision 
drying,  but  these  improvements  are  still  in  the 
developmental  stage. 

The  first  commercial  direct  gas-fired  kilns  of 
which  we  have  record  were  installed  at  the 
Kittreil  Lumber  G).,  Tyler,  Texas,  in  1941,  and 
the  Fordyce  Wood  Products  Co.,  Fordyce, 
Arkansas,  in  1945.  At  the  present  time,  approx- 
inutely  150  companies  in  Texas,  Aransas, 
Louisiana,  and  Mississippi  operate  about  400 
direct  gas-fired  kilns.  The  development  of  this 
particular  field  is  expanding  rapidly  and  the 
five  firms  manufacturing  or  assembling  gas- 
fired  kilns  are  making  new  installations  daily. 
Fig.  1  shows  the  approximate  location  of  the 
natural  gas  lines  in  our  Station  territory  as  well 
as  the  gas  kiln  installations  that  we  have 
record  of. 

Types  of  Direct  Gas-Fired  Kilns 

Basic  features  by  which  gas-fired  kilns  can 
be  classified  are  the  method  of  air  circulation 
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(either  natural  or  forced  draft),  method  of 
heat  application  (either  manifold  system,  fur¬ 
naces  vented  either  inside  or  outside  the  kiln, 
furnace  outside  the  kiln  with  a  blower  to  force 
the  products  of  combustion  into  the  kiln,  or 
open  urn-type  burners  on  gas  lines  inside  the 
kilns) ,  and  method  of  humidity  control  (either 
steam,  water  sprays,  or  nothing) . 

The  most  common  type  is  the  natural  draft 
with  manifold  heat.  This  type  of'kiln  is  man¬ 
ufactured  by  the  Risser  Dry  Kiln  Engineers, 
Inc.,  Little  Rock,  Arkansas.  In  this  kiln  the 
heat  is  furnished  by  a  small  gas  furnace  burner 
which  opens  into  a  manifold  system  located 
directly  under  the  lumber.  The  manifold  system 
leads  into  stacks  that  carry  the  products  of  com¬ 
bustion  to  the  atmosphere.  The  kilns  are  made 
either  as  compartment  or  as  progressive  type. 
Humidity  can  be  obtained  by  the  use  of  aux¬ 
iliary  steam  or  water  sprays,  but  these  seldom 
are  used.  This  type  of  kiln  is  most  generally 
used  for  drying  air-seasoned  hardwoods  but  is 
also  used  for  pine. 

One  of  the  more  common  types  of  direct 
gas-fired  kilns  is  made  by  the  Christopher  Uni¬ 
temp  Heating  System,  Inc.,  of  Prescott,  Arkan¬ 
sas.  In  this  kiln  the  heat  is  furnished  by  an 
external  furnace  widi  automatic  temperature 
control.  The  heat  is  forced  into  a  large  duct 
which  extends  the  length  of  the  kiln  between 
the  cars  of  lumber.  A  number  of  openings  at 
various  intervals  in  the  duct  release  the  heat 
and  products  of  combustion  directly  into  the 
kiln.  A  large  duct  returns  some  of  the  warmed 
air  from  the  kiln  into  a  jacket  over  the  furnace 
where  it  is  rdieated  before  being  forced  back 
into  the  kiln.  Steam  for  humidity  can  be  added 
by  spraying  water  on  the  white  hot  fire  brick 
inside  the  furnace  at  the  entrance  of  the  air 
duct,  from  where  it  is  dispersed  into  the  kiln. 
Reversible  fans  with  vertical  shafts  furnish  air 
circulation  between  the  cars  of  lumber  (the 
plane  of  rotation  of  the  blades  is  parallel  to 
the  floor).  This  firm  has  recently  added  a  sys¬ 
tem  of  baffles  to  give  more  direct  control  of  air 
movement,  and  also  a  pressurized  furnace  in 
which  the  amount  of  intake  air  available  is 
controlled. 

The  Lanly  Company  of  Cleveland,  Ohio, 
also  manufacture  direct  gas-fired  kilns  of  the 
blower  type.  Two  kilns  of  this  type  are  operat¬ 


ing  on  pine  in  Alabama,  but  we  have  not 
checked  on  these  installations. 

Another  rather  common  type  of  gas  kiln  is 
the  forced  draft  model,  manufactured  by  the 
Harry  Russell  Dry  Kiln  Co.,  Fordyce,  Arkan¬ 
sas.  Burners  are  of  the  urn  type,  vented  inside 
the  kiln  and  spaced  at  approximately  8-inch 
intervals  along  several  headers.  This  arrange¬ 
ment  gives  control  of  heat  throughout  the 
length  of  the  kiln.  These  burners  are  covered 
by  a  pyramid-shaped  shield  about  3  feet  wide 
at  the  base  and  6  feet  high,  and  extends  the 
full  length  of  the  kiln,  between  the  cars  of 
lumber.  Openings  in  the  top  of  this  shield  per¬ 
mit  the  products  of  combustion  to  enter  directly 
into  the  kiln  proper.  Circulation  of  air  is  ob¬ 
tained  by  a  system  of  fans,  with  vertical  shafts, 
located  over  the  shield  and  between  the  stacks 
of  lumber.  The  fans  are  reversible  so  that  the 
direction  of  air  flow  can  be  changed  to  help 
equalize  drying  conditions.  No  baffles  are  used 
to  give  better  circulation  between  the  courses  of 
lumber.  As  in  other  types  of  gas  kilns,  humid¬ 
ity  control  can  be  obtained  by  the  use  of  water 
sprays  or  auxiliary  steam  but  these  are  seldom 
used.  These  kilns  are  more  generally  used  as 
compartment-type  kilns  but  they  can  also  be 
used  as  progressive  units. 

A  fourth  type  of  gas-fired  kiln  is  the  forced 
draft,  internally  vented  furnace-type  manufac¬ 
tured  by  the  Jack  Russell  Co.,  Fordyce,  Ark. 
In  this  kiln  the  heat  is'supplied  by  gas  furnaces 
at  both  ends  of  the  kiln.  Each  furnace  opens 
into  a  large  metal  combustion  chamber  which 
runs  between  the  cars  of  lumber  to  the  middle 
of  the  kiln.  Short  stacks  or  openings  in  the  top 
of  this  combustion  chamber  release  the  prod¬ 
ucts  of  combustion  directly  into  the  kiln 
proper.  Dampers  can  be  used  on  these  stacks  to 
control  the  temperature  at  the  various  locations 
within  the  kiln.  A  system  of  vertical  reversible 
fans  is  located  over  the  combustion  chamber 
similar  to  the  arrangement  in  the  kiln  previ¬ 
ously  described.  In  some  cases  impellers  are 
attached  to  the  fans  located  directly  over  the 
openings  in  the  combustion  chamber  to  draw 
the  heat  into  the  kiln. 

A  fifth  type  of  gas-fired  kiln  is  somewhat 
similar  in  principle  to  the  fourth  type  in  that 
it  is  a  forced  draft  furnace  type.  It  is  manufac¬ 
tured  by  the  Moore  Dry  Kiln  Co.,  Jacksonville, 
Florida.  The  heating  system  differs  from  the 
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types  just  described  in  that  the  furnaces  at  each  in  many  respects  to  the  regular  Moore  steam 

end  of  the  kiln  are  underground  and  open  into  kilns,  and  have  the  necessary  baffles  and  air 

a  metal  combustion  chamber  located  between  velocity  to  force  the  air  through  the  lumber 

low  concrete  retaining  walls  and  extending  the  piles, 

full  length  of  the  kiln  between  the  cars  of  lum¬ 
ber.  Vertical  metal  pipes  4  to  6  inches  in  diam-  Operating  Costs  ^ 

eter  take  off  from  the  combustion  chamber  at  Most  of  the  direct-fired  gas  kilns  are  still  in 
various  intervals  and  extend  through  the  ceil-  the  development  stage.  Various  features  of  de- 

ing  of  the  kilns.  These  pipes  increase  the  size  sign  are  being  changed  constantly  to  improve 

of  the  combustion  chamber  and  provide  addi-  or  correct  deficiencies.  This  is  an  encouraging 

tional  radiating  surface  to  heat  the  air  being  sign  as  the  newly  developed  or  improved  fea- 

circulated  within  the  kiln.  The  vertical  pipes  tures  are  usually  incorporated  m  any  new 

act  as  a  booster  coil  in  the  center  of  the  kiln  to  installations. 

increax  the  temperature  of  the  air  after  it  has  extensive  survey  of  conditions,  we 

passed  though  one  car  of  lumber  and  before  it  contacted  some  50  direct  gas-fired  kiln 

passes  throu^  the  second.  These  vertical  pipes  operations  in  'the  last  year.  This  reconnaissance 
are  also  used  as  dampered  stacks  to  carry  the  gome  generalized  figures  as  to  fuel  con- 

produrts  of  combustion  into  the  atmosphere,  sumption,  quality  and  uniformity  of  drying. 
Humidity  control  is  furnished  either  by  water  limitations,  etc.,  as  well  as  a  sound  basis 

sprays  or  by  auxiliary  steam.  developing  more  complete  and  detailed 

A  system  of  large  fans  mounted  on  a  central  studies, 
shaft,  either  below  or  above  the  cars  of  lumber.  We  have  also  made  detailed  studies  of  sev- 
furnish  the  air  circulation.  The  kilns  are  similar  eral  operations  using  direct  gas-fired  kilns. 


Table  1. — ^Natural  Draft,  Manifold  Heat,  Compartment  Type  Kiln 
Air  Dried  4/4  Sap  Gum  Furniture  Dimension.  Drying  time:  118  hrs. 


Sample  code 

Air  dry 

Final 

Sample  code 

Final 

Sample  board  No. 

No  > 

moisture  content 

moisture  content 

No.> 

moisture  content 

Percent 

Percent 

Percent 

1 . 

.  1-C 

19.64 

2.41 

1-E 

2.26 

2 . . . 

.  2-C 

19.59 

4.37 

2-W 

4.19 

2 . 

.  8-C 

21.69 

3.48 

S-E 

4.23 

4 . 

.  4-C 

19.89 

4.08 

4-W 

2.68 

ft......... _ _ _ _ _ 

.  6-C 

19.84 

2.12 

2.42 

• . 

.  6-C 

19.67 

6.36 

6-W 

2.84 

7 . 

.  7-C 

21.26 

7.89 

7-E 

2.81 

8 . 

.  8-C 

19.27 

2.63 

8-W 

3.68 

9 . 

.  9-C 

20.20 

3.69 

9-E 

2.78 

10 . 

.  10-C 

28.91 

2.96 

10-W 

6.06 

11 . 

.  11-C 

28.06 

2.94 

11-E 

2.82 

12 . . 

.  12-C 

18.01 

3.76 

12-W 

2.36 

IS . 

.  18-C 

21.26 

2.98 

18-E 

2.82 

14 . 

.  14-C 

20.94 

2.60 

14-W 

2.44 

16 . 

.  16-C 

24.78 

1.78 

16-E 

1.26 

16 . 

.  16-C 

25.26 

3.36 

16-W 

2.28 

17 . 

.  17-C 

24.40 

3.04 

17-E 

2.87 

18 . 

.  18-C 

22.61 

1.67 

18-W 

2.98 

19 . 

.  19-C 

21.67 

2.79 

19-E 

1.19 

20 . 

.  20-C 

26.68 

2.20 

20-W 

2.82 

21 . 

.  21-C 

24.61 

3.28 

21'E 

3.34 

22 . 

.  22-C 

26.99 

3.86 

22-W 

2.32 

28 . . . 

.  28-C 

21.78 

3.41 

28-E 

2.60 

24 . 

.  24-C 

26.87 

4.20 

24-W 

3.27 

26 . 

.  26-C 

19.86 

4.68 

3.99 

26 . 

.  26-C 

19.87 

6.84 

26-W 

8.80 

27 . 

.  27-C 

20.61 

4.78 

27-E 

8.02 

28 . 

.  28-C 

19.91 

6.02 

28-W 

8.94 

29 . 

.  29-C 

20.18 

6.08 

29-E 

4.78 

80 . 

.  80-C 

20.68 

3.63 

30-W 

8.69 

81 . 

.  81-C 

19.98 

4.67 

31-E 

8.16 

82 . 

.  82-C 

20.86 

8.67 

82-W 

2.01 

88 . 

.  88-C 

18.64 

4.67 

SS-E 

2.78 

84 . . . 

.  84C 

20.60 

3.09 

84-W 

2.49 

86 . 

.  86-C 

28.68 

6.21 

30-E 

2.46 

86 . 

.  86-C 

17.68 

4.17 

86-W 

2.70 

1 16  ft.  sample  boards  wars  eat  into  two  Moot  sections  for  matched  samples. 
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Table  2. — ^Natural  Draft,  Manifold  Heat,  Progressive  Type  Kiln 
Air  Dried  4/4  Oak  Flooring  Stock.  Drying  time:  144  hrs. 

Moisture  content  Moisture  content 


Sample  No. 

In 

Out 

Sample  No. 

In 

Out 

Percent 

Percent 

Percent 

Percent 

1 . . . 

.  14.8 

6.6 

28 . 

.  17.8 

6.7 

2 . 

.  14.8 

6.6 

29 . 

.  21.8 

6.7 

8 . 

.  13.8 

6.0 

80 . . 

.  17.8 

6.3 

4 . 

.  16.8 

6.8 

81 . 

.  16.8 

6.7 

6 . 

_  —  Lost 

82 . 

. .  17.8 

6.7 

6 . 

.  18.8 

6.7 

38 . 

.  28.8 

8.6 

7 . 

.  14.8 

6.7 

84 . 

.  19.8 

6.7 

8 . 

.  16.8 

8.8 

86 . 

.  16.8 

7.6 

9 . 

.  17.8 

9.2 

86 . 

.  21.8 

7.2 

10 . 

.  16.8 

6.6 

87 . 

.  16.8 

6.7 

11 . 

.  18.8 

8.6 

88 . 

.  21.8 

8.7 

12 . 

.  16.8 

6.6 

39 . 

.  21.8 

6.6 

18 . 

.  17.8 

6.8 

40 . 

.  19.8 

6.6 

14 . 

.  16.8 

6.6 

41 . 

.  19.8 

6.6 

16 . 

.  14.8 

6.6 

42 . 

.  21.8 

6.7 

16 . 

.  14.8  ■ 

6.6 

48 . 

.  16.8 

6.6 

17 . 

.  12.8 

6.6 

44 . 

.  18.8 

6.6 

18 . 

.  20.8 

8.6 

46 . 

.  17.8 

6.6 

19 . 

.  13.8 

6.3 

46 . 

.  17.8 

6.0 

20 . . 

. .  16.8 

6.3 

47 . 

.  28.8 

6.7 

21 . 

.  14.8 

6.0 

48 . 

.  20.8 

6.7 

22 . 

16.8 

6.8 

49 . 

.  16.8 

6.6 

28 . 

.  16.8 

8.6 

60 . 

.  23.8 

6.6 

24 . 

.  18.8 

6.6 

61 . 

.  19.8 

6.0 

26 . 

.  14.8 

6.8 

62 . 

.  17.8 

6.6 

26 . 

.  20.8 

6.6 

68 . 

.  28.8 

6.8 

27 . 

.  18.8 

6.0 

Table  3. — Forced  Draft,  Urn  Type  Burners,  Internal  Vented  Compartment  Type  Kiln 


Air  Dried  4/ 4  Oak  Flooring  Stock.  Drying  time:  144  hrs. 


Sample 

code 

Air-dry 

Final 

Sample 

code 

Air-dry 

Final 

Sample  board 

moisture 

moisture 

Sample  board 

moisture 

moisture 

No. 

No.* 

content 

content 

No. 

No.* 

content 

content 

Percent 

Percent 

Percent 

Percent 

1 . 

lAl 

82.3 

32.6 

44 . 

8C1 

86.0 

4.6 

lAlO 

8.9 

8C6 

6.6 

2 . 

lAl 

82.8 

3.8 

46 . 

3C6 

28.7 

4.1 

1A6 

4.6 

8C10 

4.2 

8 . 

1A6 

80.9 

4.0 

46 . 

6A1 

27.8 

4.0 

lAlO 

2.6 

6A10 

6.2 

4 . 

IBl 

36.9 

3.6 

47 . 

6A1 

28.6 

36.0 

IBIO 

4.4 

6A6 

6.1 

6 . 

IBl 

84.6 

6.6 

48 . 

6A6 

37.1 

39.8 

1B6 

6.7 

6A10 

36.9 

6 . . 

1B6 

29.6 

4.0 

49 . 

6B1 

28.8 

2.8 

IBIO 

4.0 

6B10 

3.8 

7 . 

ICl 

26.2 

3.9 

60 . 

6B1 

81.3 

3.2 

ICIO 

4.9 

6B6 

4.9 

8 . 

ICl 

32.1 

4.2 

61 . 

5B6 

33.1 

8.7 

1C6 

6.9 

6B10 

8.8 

9 . 

1C6 

26.3 

6.8 

52 . 

6C1 

84.3 

3.9 

IClO 

2.6 

6C10 

6.8 

63 . 

6C1 

31.4 

3.6 

87 . 

8A1 

46.7 

34.8 

6C6 

6.0 

3A10 

6.3 

64 . 

6C6 

29.2 

3.6 

88 . 

8A1 

40.0 

6.0 

6C10 

4.2 

3A6 

6.3 

89 . 

8A6 

81.6 

4.2 

8A10 

4.1 

All  pieces  severdy  case-hardened. 

40 . 

3B1 

28.3 

4.0 

8B10 

3.6 

41 

8B1 

33.6 

4,8 

8B8 

6.6 

42 . 

8B6 

82.9 

3.6 

8B10 

3.8 

48 . . 

8C1 

32.6 

4.7 

8C10 

4.9 

>16  ft.  sample  boards  were  cut  into  two  B-foot  sections  for  matched  samples. 
>  Honeycombed. 
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These  studies  were  all  made  on  the  basis  of  period.  Such  high  temperatures  with  no  added 
the  operating  practices  of  the  individual  com-  humidity  usually  caused  considerable  honey- 
panies  and  are  thus  not  a  measure  of  the  kiln  combing  damage  in  lumber  that  exceeded  30 
capability  alone,  but  of  a  combination  of  oper-  percent  moisture  content  when  it  went  into  the 
ating  procedure  and  kiln  capability.  The  par-  kiln.  For  lumber  of  less  than  30  percent  mois- 
tial  results,  however,  shown  in  Tables  1,  2  and  ture  content,  the  damage  to  flooring  stock  was 
3,  give  a  good  cross-section  of  the  industrial  negligible. 

use  of  gas-fired  kilns.  Most  of  the  gas  kilns  add  no  moisture  dur- 

Reported  fuel  costs  varied  from  25  cents  to  ing  the  drying  process  nor  do  they  have  con- 
$2  per  M  bd.  ft.  of  lumber  dried.  Most  of  the  trol  of  the  humidity.  Some  kilns,  however,  are 
fuel  costs,  however,  ranged  bet^'een  50  cents  equipped  with  water  or  steam  sprays,  which 
and  |1  per  M  bd.  ft.  when  natural  gas  at  from  give  some  measure  of  humidity  control,  and 
15  cents  to  25  cents  per  M  cu.  ft.  of  gas  was  these  kilns  apparently  have  no  difficulty  in  pro- 
used.  In  volume  this  is  approximately  from  ducing  a  pr^uct  that  meets  the  acceptable 
2,000  to  5,000  cu.  ft.  of  gas  per  M  bd.  ft.  of  specifications. 

lumber  dried.  The  fuel  costs  varied  largely  by  We  do  not  know  of  any  gas-fired  kilns  that 
species  and  type  of  product,  by  size  and  type  have  ample  control  of  the  humidity  to  equalize 
of  kiln,  and  by  differences  in  moisture  content  or  condition  lumber  as  recommended  by  the 
of  lumber  going  into  and  out  of  Ae  kilns.  A  Forest  Products  Laboratory.  At  the  present  time 
detailed  study  of  one  of  the  progressive  type  this  is  not  considered  very  important  or  essen- 
natural  draft  kilns  drying  air-dried  oak  flooring  tial  by  some  of  the  manufacturers  of  gas-fired 
stock  indicated  fuel  costs  of  65  cents  per  M  bd.  kilns.  If  they  were  seriously  interested  they 
ft.  during  the  winter  months  when  the  stock  could  remedy  this  problem  without  too  much 
was  heavy  and  45  cents  per  M  bd.  ft.  during  difficulty. 

the  summer  under  more  favorable  conditions.  Only  a  few  limited  studies  of  moisture  con- 

In  addition  to  the  inexpensive  fuel  one  of  tent  of  lumber  from  gas-fired  kilns  were  made, 
the  chief  advantages  of  direct  gas-fired  kilns  is  These  indicated  that  while  some  firms  were 
the  reduced  operating  costs.  The  use  of  auto-  able  to  get  satisfactory  results,  others  were  hav- 
matic  thermostat  temperature  control  requires  ing  serious  difficulty.  Some  of  the  difficulty  can 
only  a  few  minutes  time  per  day  of  the  kiln  be  charged  to  the  limitations  of  the  kiln  and 
operator,  plant  manager,  or  watchman  to  main-  some  to  improper  operation.  Where  the  re¬ 
tain  desired  temperatures  night  and  day.  This  quirements  were  not  too  exacting,  the  kilns 
eliminates  the  need  of  round -the-clodc  firing  were  in  general  considered  satisfactory  for  air- 
and  boiler  tending.  dried  hardwoods  or  for  green  pine. 

Reported  drying  time  ranged  from  48  hrs.  It  is  of  interest  to  note  that  direct  gas-fired 
for  well  air-dried  oak  to  160  hrs.  for  heavier  kilns  are  being  used  for  flooring  stock,  furni- 
and  wetter  material.  Pine  green  from  the  saw,  ture  dimension,  construction  lumber,  handle 
4/4  stock,  usually  required  from  72  to  120  hrs.  stock,  and  various  other  products. 

This,  of  course,  varied  with  kiln  efficiency  jmd  Tlie  attached  tables  give  detailed  information 
with  the  moisture  content  of  the  wood  going  regarding  the  uniformity  of  moisture  content 

into  and  out  of  the  kilns.  of  4/4  air-dried  hardwoods  going  into  and 

.r-  t  1  •  coming  out  of  various  types  of  gas-fired  kilns. 

emperature  Control  and  Other  Problems  Sample  boards  were  systematically  placed  so  as 

Dry  bulb  temperatures  of  180®  to  220®  F.  to  check  uniformity  throughout  the  length  of 

with  no  moisture  control  were  most  commonly  the  kiln,  across  the  load,  and  vertically  in  the 

used  for  green  southern  pine.  There  was  in  pile. 

general  no  apparent  degrade  from  using  this  Sections  were  cut  from  each  sample  follow- 
schedule.  For  air-seasoned  oak  initial  tempera-  ing  the 'drying  periods  and  checked  for  degree 

tures  usually  ranged  from  130®  to  150®  F.  in-  of  stress.  With  very  few  exceptions,  all  sam- 

creasing  to  around  180®  to  200®  F.  as  rapidly  pies  showed  from  light  to  serious  case  harden- 

as  possible  and  maintaining  that  for  the  full  ing  or  stressed  condition.  For  these  products. 
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flooring  stodc  and  furniture  dimension,  which 
were  not  to  be  resawn  into  thinner  products, 
case  hardening  was  not  considered  detrimental 
and  no  degrade  or  allowance  was  made  for  it. 

We  have  not  gone  into  the  question  of  fire 
hazard  or  insurance  for  direct  gas-fired  kilns, 
but  it  is  evidently  a  very  serious  problem.  A 
number  of  kilns  have  been  destroyed  by  fire 
and  in  some  States  the  rates  are  so  high  that 
insurance  is  considered  prohibitive.  In  some  in¬ 
stances,  however,  and  for  some  operations,  very 
satisfactory  insurance  rates  are  obtained. 

The  kiln  manufacturers  are  attempting  to 
reduce  fire  hazard  to  a  minimum.  Most  of  the 
trouble  from  fire  seems  to  result  from  eidier 
carelessness  or  faulty  design,  and  it  should  not 
be  difficult  to  correct  these  items. 

Discussion 

R.  A.  Cockrell  (University  of  Gdifornia): 
Are  steps  being  taken  to  make  the  humidity 
control  more  precise? 

Mr.  Lehrbas:  Yes.  Some  firms  are  taking 
steps  to  improve  the  humidity  control  problem. 

Prof.  Cockrell:  Is  the  prevailing  view  that 
the  direct  gas-fired  kiln  is  innately  more  sus¬ 
ceptible  to  fire  justified  on  the  basis  of  your 
observations  in  the  South? 

Mr.  Lehrbas:  Yes.  There  is  naturally  more 
danger  from  fire  from  direct-fired  kilns  than 
from  steam  kilns  where  the  source  of  fire  may 
be  several  hundred  feet  from  the  kiln. 

In  those  kilns  where  the  products  of  com¬ 
bustion  are  dumped  into  the  kiln  proper,  there 
is  also  danger  of  fire  frtrni  the  accumulation  of 
unbumed  gas  in  the  kiln,  due  to  incomplete 
con^stion. 


Richard  H.  Elliott  (Standard  Dry  Kiln  Co.)  : 
Is  there  any  chance  of  getting  low  insurance 
rates  on  new  kilns? 

Mr.  Lehrbas:  We  have  not  gone  into  the  fire 
insurance  question  for  direct  gas-fired  kilns. 
This  seems  to  vary,  however,  by  insurance  com¬ 
pany  and  by  states.  The  insurance  companies 
can  probably  furnish  this  information. 

A.  C.  Knauss  (U.  S.  Forest  Service) :  The 
subject  of  low-capital-cost  dry  kilns  is  of  great 
interest  to  the  lumber  producers  of  the  Pacific 
Northwest.  This  area  has  many  small  mills  cut- 
tingl  Douglas  fir  which  sell  and  produce  green 
lumber  because  their  operation  does  not  justify 
the  capital  investment  required  for  permanent 
fire-proof  dry  kiln  equipment  and  steam  power 
plant  in  general  use. 

Attempts  have  been  made  to  construct  low- 
capital-cost  driers,  arranged  to  be  heated  with 
"wood  waste”  which  is  available  at  the  plant 
without  cost.  Efforts  to  develop  satisfactory 
equipment  of  this  kind  have  not  been  too  suc¬ 
cessful.  This  is  due  partly  to  the  relatively  high 
fire  risk.  Recently  one  of  the  leading  insurance 
companies  has  stated  that  their  experience  with 
fires  has  been  so  disastrous  in  wood,  oil,  or  gas- 
fired  kilns  which  do  not  use  steam  as  a  heating 
medium  that  the  company  is  restricting  writing 
dry  kiln  insurance  to  those  heated  by  steam. 

Another  effort  to  produce  a  kiln  for  the  small 
mill  operator  has  been  directed  toward  the  fab¬ 
rication  of  aluminum  wall  and  ceiling  panels 
which  are  laid  onto  a  steel  building  frame. 
These  panels  are  insulated  against  heat  loss  and 
provide  a  warm,  light  kiln  building,  enabling 
a  small  heating  plant  to  provide  the  heat  re¬ 
quired  to  operate  the  kiln.  One  additional  fea¬ 
ture  of  this  construction  is  that  the  building 
consequently  is  also  highly  vapor  tight  and  the 
steam  and  other  heating  requirements  of  the 
kiln  are  relatively  low. 
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Quality  Control  and  Seasoning 

Raymond  C.  Rietz 

Chief,  Division  of  Timber  Physios,  Forest  Products  Laboratory,^  Forest  Service, 

U.  S.  Department  of  Agriculture 

Statisdcal  methods  are  a  valuable  aid  in  establishing  and  maintaining  desired  seasoning  standards  in  wood* 
wotking  plants,  it  has  been  demonstrated  b^  the  Forest  Products  Laboratory  in  teats  at  two  furniture  plants. 
Standards  of  seasoning  quality — that  is,  uniformly  low  moisture  content — were  arrived  at  and  adhered  to  in 
regular  ptoduaioo  at  b<^  punts  by  esublishing  a  desired  average  moisture  content  and  acc^aable  standard 
of  deviation,  called  the  uniformity  futor.  The  statistical  dau  needed  to  esnblish  and  mainuin  the  desired 
average  and  uniformiu  were  obtained  at  one  plant  by  sampling  lumber  as  it  arrived  from  the  kilns  in  the 
fabricating  shop  and  determining  the  moisture  content  of  the  samples  by  the  oven-drying  method;  at  the  other 
plant  the  samples  were  tested  with  electric  moisture  meters.  Stoat  of  unaccepuble  seasoning  quality  as  indi¬ 
cated  by  these  standards  indicated  a  need  for  remed)ring  some  step  in  the  drying  process. 


Introduction 

HE  purpose  of  this  paper  is  to  stress  the 
importance  of  defining  the  degree  of  sea¬ 
soning  quality  needed  in  woodworking 
plants,  in  order  to  minimize  waste  due  to  mois¬ 
ture  content  changes  during  fabrication  and  in¬ 
crease  assurance  that  the  products  will  not  de¬ 
velop  faults  in  subsequent  use  attributable  to 
excessive  moisture  change.  Once  moisture  con¬ 
tent  standards  are  established  for  fabrication 
purposes  with  wood,  management  can  use  the 
relatively  new  technique  of  statistical  quality 
control  to  see  that  these  standards  are  attained. “ 

Moisture  Content  Standards  for 
Wood  Fabrication 

The  seasoning  of  wood  has  as  its  most  im¬ 
portant  objective  the  reduction  of  its  moisture 
content  to  a  point  that  will  cause  it  to  remain 
approximately  stable  during  the  manufacturing 
process  in  actual  use.  Many  other  advantages 
and  benefits  are  gained  from  the  use  of  dry 
wood,  regardless  of  whether  the  drying  process 

*  Maintained  at  Madison,  Wis.,  in  cooperation  with 
the  University  of  Wisconsin. 

*  The  mathematical  aspects  of  statistical  quality 
control  and  control  charts  are  not  described  in  this 
paper.  A  number  of  texts  are  available  which  deal 
with  this  branch  of  statistical  methods. 


used  is  air  drying,  kiln  drying,  a  combination 
of  both,  or  some  special  process  such  as  chem¬ 
ical  pretreatment  followed  by  air  drying  or 
kiln  drying  or  such  processes  as  solvent  drying 
or  vapor  drying. 

Moisture  content  standards  for  wood  at  the 
time  it  is  used  to  fabricate  consumer  products 
can  be  determined  in  different  ways;  (1)  by 
analyzing  the  equilibrium  moisture  content  con¬ 
ditions  that  will  prevail  in  the  many  different 
environments  of  use;  (2)  by  measuring  the 
moisture  content  of  wood  in  actual  use;  (3)  by 
surveying  the  opinions  and  attitudes  of  people 
familiar  with  the  products,  their  manufacture 
and  use,  and  (4)  by  testing  the  moisture  con¬ 
tent  of  wood  being  fabricated  and,  depending 
upon  the  extent  and  nature  of  the  complaints  of 
customers,  determining  the  moisture  content 
necessary  at  the  time  of  manufacture. 

The  Forest  Products  Laboratory  has  pub¬ 
lished  recommendations  regarding  the  moisture 
content  of  wood  most  suitable  at  the  time  of 
installation  for  different  uses.®  These  recom¬ 
mendations  are  based  on  surveys  of  the  mois¬ 
ture  content  of  wood  in  service  and  are  given 
in  Table  1.  They  are  generalized  for  interior 

•U.  S.  Forest  Products  Laboratory  Wood  Hand¬ 
book.  Supt.  of  Documents,  Government  Printing 
Office,  Washington,  D.  C. 


Table  1. — Recommended  Moisture-Content  Values  for  Various  Wood  Items 
AT  Time  of  Installation 

Moiature  content  (percentage  of  weight  of  oven-dry  wood)  for 

Dry  Southwestern  Damp  southern  Remainder  of  the 

States  coastal  States  United  States 

Individual  Individual  Individual 

Use  of  lumber  Average  pieces  Average  pieces  Average  pieces 

Percent  Percent  Percent  Percent  Percent  Percent 
Interior  finish  woodwork  and  softwood  flooring.  6  4-9  11  8-13  8  fi-10 

Hardwood  flooring.. .  6  5-8  10  9-12  7  6-9 

Siding,  exterior  trim,  sheathing,  and  framing ..  9  7-12  12  9-14  12  9-14 
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T^ToiTTv  — — — — — — — — 

Fig.  1. — ^Recommended  moisture  content  averages  for  interior  finish  woodwork  for  use  in  various 

parts  of  the  United  States. 


finish  woodwork,  which  can  very  well  include  indications  of  allowable  variations  at  the  time 

furniture,  in  graphical  form  in  Figure  1.  These  of  fabrication  or  installation  that  will  result  in 

recommendations  have  been  very  helpful  to  the  satisfactory  service.  Industrial  experience  has 

woodworking  industry  as  they  give  manage-  generally  confirmed  the  recommendations  for 

ment  a  good  basis  upon  which  to  guide  sea-  the  average  moisture  content  values  given  in 

soning  operations.  Table  1,  with  modifications  to  control  fabrica- 

It  is  general  conunercial  practice  to  dry  some  fion  losses, 
wood  products,  such  as  flooring  and  furniture  Seasoning  quality  control,  however,  is  con- 
wood,  to  a  lower  moisture  content  than  service  cerned  not  only  with  the  average  but  also  with 

conditions  demand,  counting  on  a  moderate  in-  the  allowable  tolerance  in  moisture  content, 

crease  in  moisture  content  during  storage  and  The  suggested  range  in  moisture  content  of  in¬ 
manufacturing.  This  is  done  to  reduce  losses  dividual  pieces  given  in  Table  1  does  not  pro- 

due  to  checking  and  warp  caused  by  moisture  vide  a  suitable  standard  of  "allowable  varia- 

content  changes  during  fabrication.  When  fac-  tion”  for  adequate  statistical  control  of  the  fab- 

tories  are  heated  in  the  winter,  for  example,  rication  process.  It  is,  of  course,  manifestly  im- 

further  drying  of  the  cut-up  and  semifinished  possible  to  test  all  pieces  of  wood  going 

pieces  is  caused  that  often  results  in  serious  through  a  fabricating  plant  for  moisture  con- 

losses  due  to  checking  and  splitting,  whereas  tent.  Yet  inspectors  must  have  some  reliable 

during  the  summer  months  swelling  of  exces-  and  reasonably  cheap  method  of  ascertaining 

sively  dried  wood  results  in  warp  and  splitting  whether  a  suitable  range  is  being  maintained, 

of  panels.  Moisture  content  standards  for  fac-  so  that  the  expenditures  to  reduce  factory  losses 

tory  control  purposes  must  be  adjusted  to  re-  and  increase  consumer  satisfaction  are  not 

duce  these  losses,  yet  stay  within  the  limits  greater  than  the  costs  resulting  from  such  losses 

indicated  by  surveys  of  moisture  content  in  use.  or  complaints. 

Further,  the  seasoning  quality  goals  indicated  Experiments  have  shown  that  standards  can 
by  such  surveys  must  be  qualified  to  provide  be  established  for  seasoning  control  on  the 


444 


FOREST  PRO  D.U  CTS  RESEARCH  SOCIETY 


basis  of  considering  wood  moisture  content 
as  a  variable  and  expressing  the  objectives  of 
seasoning  in  terms  of  (1)  the  average  and 
(2)  the  standard  deviation.  Data  such  as  given 
in  Table  1  provide  recommendations  for  the 
average,  which  management  can  modify  as  ex¬ 
perience  dictates.  The  tolerance  factor,  or  the 
standard  deviation  associated  with  the  average, 
cannot  be  so  readily  set  up  from  the  data  in 
Table  1  or  from  management  experiences,  as 
this  quality  characteristic  has  not  been  deter¬ 
mined.  Another  term  for  the  standard  devia¬ 
tion  is  "uniformity  factor,”  which  is  used  at 
the  Forest  Products  Laboratory  because  it  has 
a  more  direct  word  association  with  the  actual  ' 
work  done. 

The  uniformity  factor  for  furniture  produc¬ 
tion  discussed  in  this  paper  is  based  on  tests 
of  the  wood  being  f^ricated.  It  is  realized 
that  other  approaches  may  be  made  to  establish 
economic  values  of  this  variability  character¬ 
istic.  For  example,  a  direct  approach  to  the 
establishment  of  moisture  content  standards  for 
a  flooring  mill  would  be  to  lay  a  number  of 
floors  having  similar  exposure  conditions  at 
different  average  moisture  content  values  and 
different  uniformity  factors  associated  with  each 
average  variable;  after  a  number  of  years  of 
use,  the  opinions  and  attitudes  of  people  called 
in  to  examine  the  floors  would  be  surveyed 
and,  thereby,  standards  set  for  future  produc¬ 
tion.  This  survey  of  customer  opinion  has  many 
advantages.  Unfortunately,  however,  such  a  re¬ 
search  program  would  be  extremely  costly  for 
any  one  wood  product.  At  present,  therefore, 
an  indirect  approach  is  being  used  by  the  For¬ 
est  Products  Laboratory  to  learn  the  value  for 
average  moisture  content  and  the  uniformity 
factor  desired  for  wood  being  made  into  furni¬ 
ture  on  the  basis  that,  if  the  manufacturer  is 
satisfied  that  the  fabrication  losses  due  to  mois¬ 
ture  change  during  processing  and  consumer 
complaints  are  not  excessive,  these  two  values 
can  be  the  basis  of  standards  for  future  opera¬ 
tion  and  control. 

Statistical  Quality  Control 

Before  presenting  the  results  of  the  Forest 
Products  Laboratory’s  studies  of  moisture  con¬ 
tent  control  in  the  furniture  industry  and  rec¬ 
ommendations  based  on  them,  the  applicable 


features  of  statistical  quality  control  are  con¬ 
sidered. 

Statistical  quality  control  makes  use  of  two 
statistical  techniques,  the  control  chart  and  sta¬ 
tistical  sampling.  Moisture  content  standards 
or  specifications  for  wood  are  expressed  in 
terms  of  the  average  moisture  content  and  the 
uniformity  factor.  Statistical  sampling  provides 
the  moisture  content  data,  and  with  the  con¬ 
trol-chart  method  they  are  analyzed  with  respect 
to  control. 

Control  Chart 

The  control  chart  has  been  developed  in  vari¬ 
ous  forms.  Essentially,  however,  it  is  a  device 
for  plotting  data,  such  as  the  moisture  content 
of  wood,  in  such  a  way  that  the  frequency  and 
extent  of  variation  from  standards  are  imme¬ 
diately  revealed.  Control  limits  based  upon  the 
established  tolerance  limits  (the  uniformity 
factor)  are  drawn  upon  the  chart.  Variations 
in  the  average  moisture  content  or  uniformity 
factor  that  fall  within  the  control  limits  may  be 
considered  as  arising  from  the  natural  variabil- 
'  ity  of  a  material  or  a  process.  Variations  that 
fall  outside  the  control  limits  are  danger  sig¬ 
nals  and  indicate  that  there  is  a  definite,  assign¬ 
able  cause  at  work  helping  to  bring  about  the 
variations.  The  control  chart  tells  the  manager 
at  a  glance  whether  the  process  of  seasoning, 
for  example,  is  in  control.  When  non-control 
is  indicated,  action  may  be  required  to  deter¬ 
mine  the  assignable  cause. 

The  primary  value  of  control  charts  is  that 
they  tell  the  manager  and  the  supervisor  of  the 
seasoning  operation  when  assignable  causes  for 
■  variation  are  at  work.  They  contribute  an  addi¬ 
tional  advantage,  however,  in  that  they  publi¬ 
cize  seasoning  results;  thus,  they  furnish  a  con¬ 
venient  way  of  stimulating  improved  seasoning 
performance. 

Statistical  Sampling 

The  second  technique  involved  in  statistical 
quality  control  is  sampling.  It  is  a  process  of 
taking  random  tests  of  the  material  being  proc¬ 
essed.  In  seasoning  control  work,  this  means 
sampling  the  wood  for  moisture  content,  and 
the  number  of  tests  to  be  made,  how  they  are 
made,  and  where  and*  when  they  are  taken  be¬ 
come  very  important  phases  of  statistical  qual¬ 
ity  control.  TTie  moisture  content  sample,  for 
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example,  must  be  taken  in  such  a  way  that  a 
tme  picture  of  the  whole  operation  is  cjbtained, 
with  equal  chance  that  both  wet  and  dry  boards 
will  be  in  the  sample.  The  size  of  the  sample — 
that  is,  the  numl^r  of  nioisture  content  tests 
taken  per  kiln  truck  per  kiln  charge,  per  day 
of  factory  operation  or  any  other  satisfactory 
unit — ^will  usually  be  determined,  at  least  to 
begin  with,  by  the  method  selected  for  mois¬ 
ture  determination  and  the  man  hours  allotted 
to  the  work.  A  number  of  moisture  content 
sampling  schemes  can  be  worked  out,  depend¬ 
ing  upon  the  needs  of  the  situation.  In  each 
instance,  however,  the  sampling  method  must 
assure  freedom  from  bias  in  selecting  the  speci¬ 
mens  to  be  tested  for  moisture  content. 

Experiments  in  Quality  Control 

To  demonstrate  the  applicability  of  statistical 
quality-control  techniques  to  control  the  mois¬ 
ture  content  of  rough  lumber  being  fabricated 
into  furniture,  two  experiments  are  reported. 
Just  prior  to  World  War  II,  an  experiment 
was  started  at  a  furniture  plant  in  Sheboygan, 
Wis.  Sufficient  data  were  collected  to  establish 
moisture  standards  and  show  that  the  control- 
chart  method  of  interpreting  the  performance 
of  the  dry  kiln  was  reasonably  efficient.  An 
experiment  now  in  progress  at  a  furniture  plant 
in  Thomasville,  N.  C.,  confirms  the  moisture 
standards  indicated  by  the  first  study  and,  fur¬ 
ther,  shows  the  suitability  of  electric  moisture 
meters  for  the  moisture  inspection  process. 

Sheboygan  Test  Results 

The  Sheboygan  tests  were  designed  (1)  to 
determine  the  average  moisture  content  of  kiln- 
dried  hardwood  lumber  being  processed  into 
furniture;  (2)  to  determine  the  uniformity 
factor  of  lumber  being  fabricated;  and  (3)  by 
means  of  moisture  standards  based  on  prelim¬ 
inary  data,  to  check  future  dry-kiln  perform¬ 
ance  with  control  charts  and  a  small  moisture 
content  sampling  of  the  stock  being  cut  up  in 
the  machine  room. 

The  preliminary  data  from  which  the  final 
moisture  content  specification  was  evolved  were 
collected  by  obtaining  about  40  moisture  con¬ 
tent  sections  per  day  over  a  period  of  188  days. 
The  sampling  process  at  the  cut-up  saw  was 
completely  random,  and  no  specific  instruc¬ 
tions'  were  given  to  the  saw  operator  other  than 


that  the'  specimens  should  not  be  cut  from 
portions  of  the  boards  less  than  2  feet  from 
the  ends.  The  kiln-dried  boards  were  rough 
dressed  at  this  plant  before  being  cut,  so  that 
the  moisture  sampling  represents  the  moisture 
condition  after  the  first  machining  operation. 
The  saw  operator  cut  out  a  section  for  moisture 
content  analysis  about  every  10  or  15  minutes, 
so  that  the  total  number  was  collected  over  the 
day’s  machine  room  operation.  The  sections 
were  placed  in  a  closed  container,  and  three 
or  four  times  daily  the  dry-kiln  operator  picked 
them  up,  weighed  them,  and  finally  bundled 
the  day’s  sampling  for  shipment  to  the  Forest 
Products  Laboratory  for  oven  drying  and  cal¬ 
culation  of  moisture  content.  TTie  collected 
data  are  plotted  in  Fig.  2. 

The  collection  of  preliminary  data  was 
started  in  the  spring  and  was  discontinued  in 
December.  The  average  moisture  content 
drifted  towards  higher  values  in  the  summer 
months.  'The  analysis  of  these  data  by  the 
control-chart  method  is  shown  in  Fig.  3.  The 
average  moisture  content  for  the  whole  period 
was  5.6  percent  and  the  uniformity  factor 
was  1.0.  In  most  instances,  the  cause  for 
lack  of  control  of  the  uniformity  factor  could 
be  ascertained.  The  cause* of  the  lack  of  con¬ 
trol  indicated  by  the  deviations  of  the  average 
below  and  above  the  limits  for  the  average 
could  not  always  be  determined,  although  one 
of  the  general  causes  was  the  gradual  change  in 
moisture  content  of  the  kiln-dried  wood  from 
the  spring  period  of  factory  heating  to  the 
summer  period  of  an  "open”  plant. 

All  during  the  collection  of  preliminary 
data  the  furniture  produced  was  marked  or 
coded  in  such  a  manner  that  future  troubles 
could  be  traced  back  to  the  moisture  content 
condition  of  the  stock  used.  As  yet  no  com¬ 
plaints  on  this  furniture  have  been  registered 
with  the  company,  and,  therefore,  it  is  reason¬ 
able  to  conclude  that  the  average  moisture  con¬ 
tent  and  uniformity  factor  based  on  the  pre¬ 
liminary  data  represent  a  good  moisture  con¬ 
tent  specification  for  this  firm’s  products. 

'The  average  moisture  content  of  stock  going 
into  production  was  lower  than  recommended 
in  Table  1,  the  diflFerence  being  the  reduction 
in  moisture  content  needed  to  control  fabrica¬ 
tion  problems.  'The  new  information  provided 
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Fig.  3. — Control  chart  for  analysis  of  the  preliminary  Sheboygan  data  shown  in  Fig.  2. 
n  =  approximately  40 
X  =  5.6  percent 


The  control  limit  for  the  average  is  5.1  and  6.1  percent.  The  upper  control  limit  for  the  uniformity 
factor  is  1.4. 
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by  this  study  was  the  uniformity  factor  of  1.0. 
It  was  decided  by  the  company  to  use  the  aver¬ 
age  moisture  content  of  5.6  percent  and  the 
uniformity  factor  of  1.0  as  moisture  content 
standards  for  future  production.  To  run  mois¬ 
ture  content  tests  on  40  oven-dry  sections  a 
day  was  out  of  the  question,  and  for  experi¬ 
mental  purposes  a  sample  size  of  10  was  de- 
‘cided  upon  for  statistical  quality  control  of 
seasoning. 

A  control  chart  was  drawn  up  and  the  con¬ 
trol  limits  calculated.  The  study  was  continued 
for  152  working  days,  data  for  which  are 
shown  in  Fig.  4.  At  no  time  did  the  uniform¬ 
ity  factor  exceed  the  upper  limit  of  1.6  for 


The  experiment  yielded  a  set  of  moisture 
content  standards  by  which  to  measure  season¬ 
ing  performance  at  a  furniture  factory.  The 
average  moisture  content  value  of  5.6  percent 
and  a  uniformity  factor  of  1.0  constitute  spe¬ 
cific  seasoning  standards.  Whether  other  furni¬ 
ture  producers  can  use  these  standards  is  de¬ 
pendent  upon  factory  operating  conditions.  The 
sampling  scheme  involving  only  10  moisture 
content  sections  and  oven  drying  is  also  sub¬ 
ject  to  further  factory  test.  The  sample  size 
seems  much  too  small,  yet  the  data  of  Fig.  4 
show  significant  seasonal  trends  and  actual 
situations  where  the  close  control  desired  was 
not  being  attained. 


SAMPLE  NUMBER- 


Fig.  4. — Control  chart  for  daily  sampling  at  Sheboygan, 
n  =  10 

X  =  5.6  percent 
S  =  1.0 


Control  limit  for  average  is  4.6  and  6.6  percent.  Upper  control  limit  for  uniformity  factor  is 


1.6. 


this  quality  characteristic.  Control  of  the  aver¬ 
age  moisture  content  was  not  so  well  in  hand. 
It  appears  that  it  was  more  difficult  to  control 
the  average  moisture  content  than  it  was  to 
get  uniformity  of  moisture  content. 


Thomasville  Test  Results 

The  study  at  Thonusville,  N.  C.,  was  re¬ 
cently  initiated  (1)  to  obtain  additional  infor¬ 
mation  on  moisture  specifications  for  furniture 
production;  (2)  to  determine  whether  the 
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electrical  moisture  meter  can  be  used  as  an  in¬ 
spection  tool  for  quality  control  work;  and 
(3)  to  determine  whether  the  inspection  costs 
and  control  chart  methods  are  worthwhile. 

Although  the  moisture  content  standards  for 
furniture  production  obtained  at  Sheboygan 
might  well  apply  to  other  furniture  manufac¬ 
turing  industries,  at  least  for  initial  trial  pur¬ 
poses,  it  was  decided  to  obtain  preliminary  in¬ 
formation  on  seasoning  quality  before  setting 
up  specific  statistical  quality  control  charts. 
Moisture  content  data  were  collected,  as  at 
Sheboygan,  on  rough-dressed  stock.  Instead  of 
cutting  moisture  content  sections,  however,  the 
specimens  were  taken  from  the  conveyor  belt, 
checked  for  moisture  content  with  an  electric 
moisture  meter,  and  then  thrown  back  on  the 
belt  for  further  processing.  A  resistance-type 


moisture  meter  was  used  for  the  preliminary 
studies  and  is  still  being  used  for  the  quality 
control  work,  which  will  continue  as  long  as 
management  believes  the  information  is  worth 
the  cost  of  getting  it.  The  meter  being  used 
has  as  its  lowest  direct  moisture  reading  a 
value  of  6.0  percent,  but  estimates  of  moisture 
content  of  3.3  and  3.0  percent  are  made.  All 
wood  specimens  indicating  a  value  of  less  than 
3.0  are  classed  as  3.0  percent  because  there  is 
no  way  of  telling  how  much  lower  they  are. 

The  preliminary  data  taken  with  the  electric 
moisture  meter  can  be  quite  comprehensive  be¬ 
cause  they  can  be  rapidly  determined.  One 
man  was  able  to  obtain  30  readings  represent¬ 
ing  one  kiln  truck  of  lumber  with  little  diffi¬ 
culty.  The  preliminary  data  obtained  are  plot¬ 
ted  in  Fig.  3.  Each  point  represents  30  mois- 


0 

0  to  20  30  ^  50  so  TO  80  90  100  HO 

SAMPLE  NUMBEP 

■  aoMt  I 

Fig.  3. — ^Average  moisture  content  and  uniformity  factor  of  lumber  going  into  furniture  production  at  a 
Thomasville,  N.  C.,  plant.  Data  are  based  on  a  sample  size  of  30  taken  with  an  electric  moisture  meter. 
These  preliminary  data  were  collected  from  August  10  to  October  7. 
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ture  content  readings,  or  tests,  from  one  kiln 
truck  of  lumber.  Six  or  seven  kiln  trucks  of 
lumber  were  being  processed  per  day  on  the 
line  in  the  factory  on  which 'these  tests  were 
made. 

One  of  the  outstanding  advantages  of  quality 
control  is  illustrated  by  the  data  shown  in 
Fig.  5.  Initially  both  the  average  moisture  con¬ 
tent  value  and  the  uniformity  factor  floundered 
around,  indicating  that  moisture  content  was 
not  being  controlled  from  one  kiln  truck  to 
the  next.  DiflFerent  kiln  charges  seemed  to  be 
the  influential  factor,  both  as  to  the  average 
and  the  uniformity  factor.  As  the  inspection 
ctxitinued,  the  quality  of  drying  improved.  In¬ 
spection  for  the  moisture  content  of  stock  re¬ 
sulted  in  greater  effort  on  the  part  of  the  oper¬ 
ator  to  send  uniformly  dried  stock  to  the  ma¬ 
chine  room.  The  data  being  collected  enabled 
him  to  do  this,  as  they  provided  him  with  evi¬ 
dence  on  which  to  base  kiln  operational  meth¬ 
ods — telling  him  whether  adjustment  of  drying 
schedules  or  increased  time  in  the  kiln  was 
needed  to  improve  the  drying  results. 

Studies  of  this  kind  do  not  penalize  kiln 
operators,  and  therefore  statistical  quality  con¬ 
trol  is  of  as  much  interest  to  the  kiln  operator 
as  to  management,  the  control  charts  telling 
management  what  is'  happening  and  whether 
the  operator  is  getting  desired  kiln  perform¬ 
ance.  Such  data  can  even  be  used  to  convince 
management  that  "firing  operators”  isn’t  always 
the  answer  to  lack  of  control — that  more  is 
expected  of  the  equipment  than  it  can  do  even 
with  good  supervision,  and  that  repair  or  modi¬ 
fication  is  in  order. 

The  data  of  Fig.  5  show  the  steady  improve¬ 
ment  in  drying  results.  Sample  Nos.  81  to  116 
showed  an  average  moisture  content  of  5.7 
percent  and  a  uniformity  factor  of  0.73.  This 
result  checked  the  moisture  content  standards 
at  Sheboygan  remarkably  closely.  When  the 
11 6th  sample  was  taken  the  weather  was  such 
that  the  factory  was  being  heated  occasionally, 
and  it  was  decided  to  establish  5.  as  the  stand¬ 
ard  for  the  average  moisture  content  and  0.75 
for  the  uniformity  factor  for  future  perform¬ 
ance.  A  control  chart  was  drawn  up  based  on 
a  sample  size  of  25  tests  per  day. 

The  control-chart  record  for  ,.68  working 
days  is  shown  in  Fig.  6.  With  the  moisture 


standards  established  and  the  sample  size  for 
statistical  quality  control  decided,  the  control 
limits  for  the  average  were  calculated  as  5.0 
and  6.0  percent.  When  the  average  moisture 
content  of  the  daily  sample  of  25  tests  falls 
between  these  limits  for  the  average,  the  stock 
that  was  sampled  is  under  statistical  control  and 
the  kiln  operator  has  complied  with  one  mois¬ 
ture  content  standard.  The  upper  limit  of  the 
uniformity  factor  is  1.04,  and  if  the  uniformity 
factor  for  the  day’s  sampling  is  less  than  this 
value,  the  second  requirement  of  quality  con¬ 
trol  is  attained. 

The  method  adopted  of  obtaining  the  25 
samples  from  the  day’s  operation  in  the  ma¬ 
chine  toom  may  be  of  interest.  It  would  be 
expensive  to  maintain  an  inspector  in  the  ma¬ 
chine  room  to  pick  up  these  few  moisture  tests. 
Therefore,  the  wood  specimens,  after  being 
rough  dressed  and  cut  to  length,  are  randomly 
selected  by  a  rip-saw  operator  and  piled  on  a 
truck.  His  instructions  are  to  set  aside  25  or 
more  samples  a  day,  selecting  four  or  more 
samples  from  every  kiln  truck,  the  specimens 
to  come  from  different  layers  in  the  kiln  tmck 
as  it  is  taken  down  at  the  cut-off  saw.  Next 
morning  the  inspector  randomly  selects  25 
from  the  lot  set  aside  by  the  rip-saw  operator 
for  moisture  content  analysis.  After  being 
tested  with  the  moisture  meter,  the  specimens 
are  put  back  into  production.  'The  inspector 
picks  up  the  tickets  taken  from  the  kiln  trucks, 
which  provide  the  information  regarding  the 
kiln  in  which  the  stock  was  dried,  the  location 
of  the  trucks  in  the  kiln,  the  date  the  charge 
was  pulled,  and  the  thickness,  grade,  and  spe¬ 
cies  being  tested.  A  typical  data  sheet  is  shown 
in  Fig.  7.  The  average  moisture  content  and 
the  uniformity  factor  are  calculated  as  shown. 
The  uniformity  factor  is  the  square  root  of  the 
mean  square  minus  the  square  of  the  mean. 

Five  factories  at  the  cooperating  plant  in 
Thomasville,  N.  C.,  are  being  checked  for  sta¬ 
tistical  quality  control,  all  operating  with  the 
same  moisture  content  standards.  A  control 
chart  is  set  up  in  each  dry-kiln  operator’s  office 
and  the  moisture  content  inspector  posts  the 
results  of  the  moisture  tests  every  morning. 
The  work  takes  about  one-half  of  a  man’s  time. 
Each  week  the  supervisor  of  each  factory  is 
given  a  summary  report  of  the  past  week’s 
moisture  control  results. 
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Fig.  6. — Control  chart  for  daily  sampling  at  Thomasville,  N.  C. 
n  =  25 

X  =  5.5  percent 
S  =  0.75 

Control  limit  for  average  is  5.0  and  6.0  percent.  Upper  control  limit  for  uniformity  factor  is  1.04. 
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Fig.  7. — ^Typical  data  sheet  showing  results  o  f  moisture  content  tests  with  electric  meter  at 

Thomasville,  N.  C,  plant. 
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Evaluation  of  Test  Results 

Moisture  Standards  for 
Furniture  Production 

Although  the  average  moisture  content  values 
at  Sheboygan  were  running  less  than  3.3  per¬ 
cent  during  the  winter  heating  season,  this 
value  seems  to  be  working  out  reasonably  well 
at  Thomasville.  No  specific  troubles  were  ob¬ 
served  that  were  due  to  moisture  content 
changes  during  fabrication.  Thus,  pending  a 
check  on  customer  complaints  at  Thomasville, 
this  value  for  the  average  seems  reasonably 
good  as  a  moisture  content  standard,  particu¬ 
larly  for  the  period  of  the  year  when  the  fac¬ 
tories  Ire  heated.  Although  the  value  of  3.6 
percent  seemed  to  be  satisfactory  at  Sheboygan 
for  summer  operation  as  well,  it  has  been  de¬ 
cided  to  raise  the  standard  to  about  6.3  per¬ 
cent  for  "open  factory’’  conditions  at  Thomas¬ 
ville  next  summer. 

The  uniformity  factor  was  1.0  at  Sheboygan 
and  0.73  at  Thomasville.  As  the  moisture  me¬ 
ter  readings  do  not  reflect  the  moisture  content 
range  where  some  of  the  stock  has  less  than 
3.0  percent,  the  apparently  better  performance 
at  iriomasYille  is  really  not  a  true  picture.  It 
is  believed,  on  the  basis  of  results  at  both 
plants,  that  a  uniformity  factor  of  0.73  is  a 
good  standard  to  set  up  as  a  goal  regardless  of 
whether  moisture  content  is  tested  with  a  meter 
or  by  the  oven-drying  method,  particularly 
where  forced  air  circulation  dry  kilns  are 
available. 

• 

When  moisture  content  specifications  for 
wood  being  processed  are  established  in  terms 
of  average  moisture  content  and  a  uniformity 
factor,  statistical  evidence  of  adherence  can  be 
obtained  by  sampling  for  moisture  content  and 
interpreting  the  data  by  means  of  quality  con¬ 
trol  charts.  The  data  reported  here  are  based 
on  two  different  moisture  content  sampling 
techniques.  Woodworking  industries  interested 
in  this  method  of  moisture  content  control  can, 
of  course,  develop  other  techniques  more  suit¬ 
able  and  less  costly  than  these.  From  the  stand¬ 
point  of  statistical  sampling,  the  use  of  elec¬ 
trical  moisture  meters  will  greatly  reduce  the 
costs  involved.  The  use  of  these  meters  in  con¬ 
nection  with  quality  control  techniques  needs 
considerable  applied  research,  and  such  investi¬ 
gations  will  pay  off  in  reduced  costs. 


The  control  chart  is  a  graphical  method  of 
analyzing  data.  Dry-kiln  operators  and  plant 
managers  can  understand  what  it  shows. 
Whether  they  will  be  used  by  the  woodworking 
industry  along  with  moisture  standards  based 
on  factory  experiences  and  customer  environ¬ 
ment  remains  to  be  seen. 

Conclusions 

Quality  control  methods  making  use  of  sta¬ 
tistical  sampling  schemes  and  the  control-chart 
method  of  interpretation  are  applicable  to  the 
seasoning  of  wood.  Moisture  content  standards 
developed  from  Forest  Products  Laboratory  rec¬ 
ommendations  for  moisture  content  in  use, 
modified  to  meet  factory  processing  needs  and 
surveys  of  present  performance,  can  be  used 
as  goals  for  future  operation.  By  putting  the 
seasoning  process  under  observation,  the  losses 
and  costs  involved  in  getting  wood  properly 
dried  will  be  brought  to  the  attention  of  man¬ 
agement.  Moisture  content  control  in  wood¬ 
fabricating  industries  is  important  and,  by 
specifying  standards  and  using  quality  control 
methods,  the  weaknesses  of  the  air-drying,  kiln- 
drying,  and  storage  processes  can  be  brought 
to  light  and  changes  introduced  to  improve 
seasoning  results. 

The  results  of  these  experiments  in  season¬ 
ing  quality  control  indici^te  that  rather  definite 
moisture  content  standards  can  be  specified  for 
kiln  drying  rough  lumber  for  furniture  fabrica¬ 
tion.  These  standards  are  3.3  or  3.6  percent  for 
the  average  and  0.73  for  the  uniformity  factor 
for  winter  periods  of  operation  when  the  fac¬ 
tories  are  heated.  It  is  believed  a  higher  aver¬ 
age  moisture  content  should  be  set  as  a  stand¬ 
ard  for  the  summer  periods  when  the  factories 
are  not  heated. 

'These  moisture  content  standards  for  furni¬ 
ture  fabrication  are  expressed  in  terms  that  can 
be  constantly  checked  for  adherence.  Statistical 
quality  control  methods  using  the  ccmtrol  chart 
and  statistical  sampling  apply. 

Discussion 

E.  Sigurd  Johnson  (Salem,  Virginia) :  Mr. 
Rietz,  your  method  of  using  uniformity  factor 
is  technically  correct  and  is  of  value  to  a  man¬ 
ager  but  I  believe  it  is  confusing  to  the  average 
plant  man.  Why  can’t  you  set  up  a  specific 
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average  moisture  content  plus  high  and  low 
limits  in  moisture  content  for  individual  tests. 
If  more  than  a  specified  number  of  tests  per 
day  or  per  week  fall  outside  the  control  limits, 
then  corrective  steps  are  called  for  in  kiln  op¬ 
eration.  Wouldn’t  such  a  procedure  of  using 
actual  moisture  content  control  limits  be  more 
understandable  and  practical  to  use  in  a  wood¬ 
working  plant? 

Mr.  Rietz:  I  had  hoped  that  the  term  "uni¬ 
formity  factor”  instead  of  the  standard  devia¬ 
tion  would  aid  the  average  plant  man  in  under¬ 
standing  what  this  quality  characteristic  means. 
The  idea  is  to  show  that  although  the  stock 
may  be  dried  to  the  right  average  moisture  con¬ 
tent,  it  doesn’t  necessarily  mean  that  it  is  dried 
sufficiently  uniform  to  make  a  good  product. 
Statistically  I  question  the  advisability  of  set¬ 
ting  up  limits  for  one  or  two  samples.  I’d 
much  rather  try  working  with  s^ple  sizes  of 
5  to  10  and  setting  up  the  range  within  which 
the  moisture  values  must  fall  to  show  adherence 
to  the  moisture  specifications.  I  believe  this 
system  would  be  quite  adaptable  where  stock  is 
being  checked  to  determine  whether  it  should 
or  should  not  be  used. 

Richard  H.  Elliott  (Standard  Dry  Kiln  Com¬ 
pany)  :  Why  not  control  before  drying  in  kilns? 

Mr.  Rietz:  'The  question  here  pertains  to  the 
most  economic  and  e;cpedient  place  to  obtain 
the  desired  uniformity  of  dryness;  in  the  dry 
kiln  or  in  a  dry  lumber  storage  shed  equipped 
with  devices  to  control  wood  E.  M.  C.  I  am  of 
the  opinion  that  the  dry  kiln  is  the  place  where 
uniformity  of  dryness  can  be  obtained  with  the 
least  expense.  Modern  forced  air  circulation 
dry  kilns  with  instrumentation  to  control  tem¬ 
perature  and  relative  humidity  accurately  can 
be  operated  to  produce  uniformly  dried  stock. 
On  the  other  hand,  few  dry  storage  sheds  are 
equipped  with  fans  which  would  be  needed  to 
obtain  the  desired  uniformity,  even  though 
wood  E.  M.  C.  control  is  provided  by  heating. 

Woodrow  W.  King  (Texas  A  &  M  Col¬ 
lege)  :  Recently  the  Texas  Dry  Kiln  Club  spon¬ 
sored  a  Kiln-Tune-Up  Project  in  the  East  Texas 
pine  belt.  Mr.  W.  Karl  Loughborough,  for¬ 
merly  of  Forest  Products  Laboratory  at  Madi¬ 


son,  was  employed  for  the  project.  His  findings 
indicated  the  woeful  incapacity  of  many  of  the 
kilns  surveyed  to  perform  a  job  of  seasoning 
uniformity.  Isn’t  it  rather  imperative,  therefore, 
that,  before  quality  control  can  be  imposed, 
much  needs  to  be  done  to  improve  kiln  per¬ 
formance? 

Mr.  Rietz:  Kiln  performance  will  only  be 
improved  when  information  is  obtained  show¬ 
ing  poor  performance.  'The  statistical  quality 
control  approach  measures  kiln  performance 
and  if  the  quality  is  poor,  action  programs  are 
indicated.  'Dierefore,  I  believe  quality  control 
procedures  are  a  part  of  a  kiln  performance  im-’ 
provement  program.  It  demonstrates  that  the 
actions  taken  are  producing  results. 

W.  I.  West  (Oregon  State  College): 
Another  problem  in  this  regard  is  connected 
with  proper  moisture  control  from  the  manu¬ 
facturer  to  the  final  installation.  Quite  often 
this  results  in  dissatisfaction  by  the  user  which 
is  incorrectly  blamed  against  the  manufacturer. 

For  example;  Western  white  and  ponderosa 
pine  paneling  has  been  shipped  to  Willamette 
Valley  retailers  (Oregon) .  Due  to  storage  mal¬ 
practices  the  material  picked  up  moisture  to 
the  extent  that  shrinkage  occurred  after  being 
put  into  use,  resulting  in  large  cracks  between 
boards  and  often  warping. 

It  appears  that  some  thought  might  be  given 
to  quality  control  in  retail  yards,  furniture  stor¬ 
age  and  even  during  shipping  of  quality  items. 
This*  would  contribute  to  a  more  satisfactory 
performance  of  wood  products  and  go  far 
towards  customer  appeal. 

Mr.  Rietz:  I  am  in  complete  agreement  with 
this  idea.  'The  first  step  is  to  provide  a  prac¬ 
tical  system  of  moisture  standards  for  the  pro¬ 
ducer.  A  system  is  needed  which  both  the 
lumber  producer  and  lumber  buyer  can  agree 
on  and  1  believe  the  statistical  quality  control 
method  overcomes  some  of  the  difficulties  en¬ 
countered  with  previous  systems  of  moisture 
specifications.  When  the  retailer  is  assured  of 
moisture  quality  he  will  be  interested  in  main¬ 
taining  that  quality  and  passing  it  on  to  his 
customers. 
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Further  Observations  on  Longitudinal  Shrinkage 

of  Softwoods 


Robert  A.  Cockrell 

Associate  Professor  of  Forestry,  School  of  Forestry,  University  of  California,  Berkeley,  California 

Further  infomution  on  the  longitudinal  shrinkage  of  ponderosa  pine  and  new  data  on  the  longitudinal 
shrinkage  of  six  additional  softwoods  are  reported.  Ihe  data  corrcborate  previous  findinn  on  ponderosa  pine. 
Summerwood  strips  elongate  slightly  in  drying  from  the  green  to  the  air-dry  condition,  but  decrease  in  length 
with  continued  drying  to  the  oven-dry  condition.  Springwood  strips  normally  shorten  slightly  in  drying  from 
the  green  to  the  air-dry  condition  and  shorten  appreciably  on  drying  to  the  oven-dry  condition.  Meiaurements 
on  blo'ks  w'th  d  fferent  widths  of  growth  rings  indicate  that  wide  growth  rings  or  rapid  growth  is  not  the 
cause  of  excessive  longitudinal  shrinkage  in  the  softwoods  studied. 


PREVIOUSLY  (1,  2,  5),  the  writer  re¬ 
ported  on  the  longitudinal  shrinkage  of 
ponderosa  pine  (Pinus  ponderosa)  wood 
blocks  and  separate  summerwood  and  spring- 
wood  strips,  and  using  these  data  along  with 
the  findings  of  Koehler  (5)  and  Welch  (8), 
made  certain  general  statements  regarding  the 
fundamental  nature  of  longitudinal  shrinkage. 
The  data  presented  in  this  paper  from  wood  of 
white  fir  (Abies  concolor),  shortleaf  pine 
(Pinus  echinata),  longleaf  pine  (P.  palustris), 
Monterey  pine  (P.  radiata),  loblolly  pine 
(P.  taeda)  and  Douglas- fir  (Pseudotsuga  taxi- 
folia),  in  addition  to  ponderosa  pine,  confirm 
the  previous  findings  and  make  possible  more 
general  conclusions  regarding  the  shrinkage  of 
softwoods. 

Procedure 

Material  for  the  western  species  was  obtained 
from  log  disks  9  inches  thick  sawn  from  both 
ends  of  butt,  logs  of  freshly  cut  trees.  The 
shrinkage  blocks  cut  to  dimensions  of  about 
%  inch  square  cross  section  with  rings  approxi¬ 
mately  parallel  to  one  edge  and  six  inches  in 
length  were  selected  more  or  less  at  random 
in  the  disks,  but  care  was  exercised  to  avoid 
any  abnormalities  such  as  proximity  to  pith, 
grain  irregularities  or  compression  wood.  These 
blocks  were  first  roughed  out  by  splitting  in 
order  to  insure  straightness  of  grain,  and  then 
the  surfaces  were  smoothed  to  facilitate  num¬ 
bering  and  measuring.  The  shrinkage  blocks  of 
the  three  southern  pines  were  cut  from  sections 
of  green  slabs  supplied  by  the  Wood  Technol¬ 
ogy  Department  of  the  New  York  State  Col¬ 
lege  of  Forestry.  A  piece  of  wood  ^  inch 


thick  was  sawn  from  the  best  radial  face  of 
each  block  and  carefully  separated  into  summer- 
wood  and  springwood  splints.  The  blocks  and 
the  splints,  held  rigid  in  an  adjustable  jig, 
were  measured  in  a  bench  gauge  with  a  dial 
micrometer  reading  to  0.001  inch  to  obtain 
length  values  successively  for  the  green,  air-dry 
(approximately  11  percent  moisture  content), 
and  oven-dry  conditions.  The  average  percent¬ 
age  changes  in  length,  based  on  the  original 
green  length,  in  drying  to  the  air-dry  and  oven- 
dry  conditions  were  computed  for  each  type  of 
specimen  and  are  presented  in  Table  1.  Values 
representing  elongation  on  drying  are  preceded 
by  a  minus  sign  in  order  to  be  consistent  with 
the  earlier  studies  already  referred  to. 

Incidental  to  the  foregoing  aspect  of  the 
study,  since  springwood  splints  often  arced 
in  drying,  several  of  the  springwood  splints 
obtained  from  wide  growth  rings  were  sepa¬ 
rated  into  an  outer  portion  and  an  inner  por¬ 
tion  that  were  measured  separately.  The  shrink¬ 
age  data  for  these  specimens  are  recorded  in 
Table  2. 

Results  and  Discussion 

The  data  in  Table  1  for  the  percentage 
change  in  length  of  summerwood  in  drying 
from  the  green  to  the  air-dry  condition  indi¬ 
cate  that  for  the  seven  species  considered,  it  is 
normal  for  a  slight  elongation  to  take  place. 
In  1931  Koehler  (3)  reported  similar  results 
for  summerwood  of  southern  yellow  pine, 
Douglas-fir,  and  redwood.  Further  drying  to 
the  oven-dry  condition  results  in  a  decrease  in 
length  from  that  existing  at  the  air-dry  condi¬ 
tion,  and  usually  the  wood  becomes  shorter 
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Table  2. — Longitudinal  Shrinkage  of  Summerwood  and  Inner  and  Outer  Springwood 
From  Identical  Growth  Rings 

Green  to  Air-dry  Green  to  Oven-dry 


RioKa 

Inner 

Outer 

Inner 

Outer 

Tree  Sample 

No. 

from 

pith 

RIdk 

width 

Summer 

wood 

spring 

woodj 

spring 

wooa 

Summer 

wood 

spring 

wood 

spring 

wood 

Inches 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

58A‘ . 

60 

0.26 

—0.03* 

0.07 

0.26 

0.08 

0.20 

0.46 

53A . 

40 

.29 

—  .02 

.03 

.23 

.06 

.12 

.36 

53A . 

18 

.42 

—  .21 

.00 

.26 

—  .18 

.07 

.43 

58B . . 

11 

.80 

—  .03 

.00 

.06 

.07 

.13 

.22 

56A . 

.66 

.38 

—  .06 

—  .06 

.00 

.08 

.03 

.12 

56B . 

■  8 

.20 

—  .08 

.02 

.03 

.10 

.16 

.16 

57A . 

28 

.43 

—  .02 

—  .03 

.00 

.17 

.08 

.16 

58B . 

18 

.60 

—  .06 

—  .02 

.00 

.20 

.18 

.17 

58B . 

6 

.40 

—  .03 

.03 

.08 

.17 

.12 

.28 

.58B . . 

19 

.64 

—  .02 

—  .02 

.03 

.16 

.16 

.22 

■See  lemnd  in  Table  1,  footnote  ■. 

>  Negative  values  indicate  elongation  on  drying. 


than  in  the  green  condition.  Judging  from  the  hundredths  of  a  percent  at  the  air-dry  stage 
rather  consistent  difference  between  the  A  and  and  up  to  two  tenths  of  a  percent  at  the  oven- 
B  samples  in  Table  1,  the  summerwood  near  dry  stage.  In  this  connection,  it  is  pertinent  to 
the  base  of  the  tree  has  a  greater  tendency  refer  to  a  statement  of  Hermann  and  Rasmus- 

toward  elongation  than  that  at  the  higher  levels,  sen  ( 4),  "Broadly  speaking,  the  longitudinal 

Thus  there  is  greater  elongation  at  the  air-dry  shrinkage  of  the  pines  from  green  to  oven- 
condition,  and,  as  a  result,  the  net  shortening  dried  is  of  the  order  of  1/10  of  1  percent.  It 
is  less  at  the  oven-dry  condition  for  summer-  is  somewhat  freakish  in  its  nature,  since  a  board 
wood  from  this  location.  at  14  to  16  percent  moisture  content  may  be  a 

Referring  now  to  the  data  for  springwood  in  trifle  longer  than  it  is  when  green,  but,  if  the 

Table  1,  it  may  be  observed  that  springwood  drying  is  continued  below  these  moisture  con- 

usually  shortens  slightly  in  drying  to  the  air-  tent  figures,  loss  of  dimension  is  experienced.” 

dry  condition,  although,  in  a  few  instances,  Prom  the  data  presented  here,  it  can  be  con- 
slight  elongation  of  specimens  takes  place,  eluded  that  slight  elongation  of  a  fair  number 
Examination  of  the  original  data  disclosed  that  t)f  speomens  at  the  intermediate  moisture  con- 
several  springwood  specimens  from  six  of  the  tents  in  drying  (16  to  10  percent)  is  in  no 
tree  samples  elongated  slightly  and  some  speci-  sense  freakish  but  is  to  be  expected  as  the 
mens  from  three  others  showed  no  change  in  normal  situation. 

length  for  this  stage  of  drying.  In  drying  to  Wide  growth  rings  resulting  from  rapid 
the  oven-dry  condition,  the  springwood  of  most  growth  do  not  ordinarily  exhibit  excessive 
of  the  samples  shortened  appreciably.  Three-  longitudinal  shrinkage.  Many  of  the  blocks 
fourths  of  the  tree  samples  failed  to  show  pro-  from  tree  samples  50,  53,  55,  57,  and  58  that 
portionality  between  moisture  content  change  were  included  in  computations  for  Table  1  had 
and  shrinkage.  Unlike  the  summerwood,  prox-  growth  rates  of  two  to  three  rings  per  inch, 
imity  to  the  base  of  the  tree  does  not  appear  to  One  block  of  Monterey  pine  (tree  sample  58B) 
have  any  effect  on  the  springwood  shrinkage.  with  rings  averaging  two-thirds  of  an  inch  in 
The  pattern  qf  wood  block  length  change  width  had  shrinkage  to  the  air-dry  condition  of 
with  drying,  revealed  by  the  data  in  Table  1,  0.02  percent  and  0.25  percent  to  the  oven-dry 

as  would  be  expected,  is  the  result  of  the  com-  condition,  which  is  quite  typical  of  wide  rings 
bined  effect  of  the  summerwood  and  spring-  when  they  are  not  from  near  the  pith  and  lack 
wood,  and,  quantitatively,  is  more  or  less  inter-  compression  wood.  The  data  presented  in 
mediate  between  these  two  types  of  wood.  Table  2  can  also  be  referred  to  as  evidence  of 
Material  from  near  the  base  of  a  tree  usually  the  normal  shrinkage  behavior  of  rapidly 
exhibits  a  sli^t  elongation  at  the  air-dry  con-  grown  wood.  When  appreciable  longitudinal 
dition  and  a  definite  shortening  at  the  oven-  shrinkage  of  softwoods  does  occur  it  can  ordi- 
dry  condition.  That  from  above  the  base  of  the  narily  be  attributed  to  compression  wood  (mild 
tree  ordinarily  shortens  no  more  than  a  few  or  pronounced),  proximity  to  pith,  or  irregu- 
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larities  of  grain.  Although  other  workers  f6, 
7)  have  ascribed  excessive  longitudinal  shrink¬ 
age  to  rapid  growth,  it  is  the  writer’s  opinion 
that  the  reports  of  their  work  do  not  establish 
this  fact.  Most  of  the  wide-ringed  material 
they  refer  to  appears  to  come  from  near  the 
pith  of  second-growth  trees,  and  therefore  can¬ 
not  be  referred  to  as  typical  of  rapid  growth 
in  general. 

Examination  of  the  data  in  Table  2  reveals 
the  fact  that  changes  of  length  of  the  inner 
portion  of  the  springwood  with  change  in 
moisture  content  resemble  somewhat  the 
changes  that  take  place  in  the  summerwood. 
The  outer  portion  of  the  springwood,  on  the 
other  hand,  has,  in  almost  every  instance,  appre¬ 
ciably  greater  shrinkage  than  the  summerwood. 
G)mparing  this  with  the  data  in  Table  1,  it 
would  appear  that  the  shrinkage  of  the  entire 
springwood  of  the  growth  ring  is  influenced 
more  by  the  outer  than  by  the  inner  portion. 

Summary 

Summarizing  the  foregoing  discussion,  the 
following  general  statements  can  be  made  about 
longitudinal  shrinkage  of  clear,  straight-grained 
softwood  free  from  compression  wood  and  at 
least  six  rings  from  the  pith,  based  on  the 
seven  species  considered  in  this  study: 

1.  Sutiunerwood  normally  elongates  slightly 
in  drying  from  the  green  to  the  air-dry  condi¬ 
tion,  but  decreases  in  length  with  continued 
drying  to  the  oven-dry  condition. 

2.  Summerwood  near  the  base  of  a  tree  elon¬ 
gates  more  than  that  higher  in  the  tree  in  dry¬ 
ing  to  the  air-dry  condition. 

3.  Springwood  normally  shortens  slightly  in 
-  drying  from  the  green  to  the  air-dry  condition, 

but  shortens  appreciably  with  continued  drying 
to  the  oven-dry  condition. 

4.  Softwoods,  on  the  average,  do  not  change 
in  length  more  than  a  few  hundredths  of  a 
percent  in  drying  to  the  air-dry  condition  but 
are  shortened  from  0.1  to  0.2  percent  at  the 
oven-dry  condition. 

5.  Rapid  growth  per  se  is  not  a  cause  of 
excessive  longitudinal  shrinkage  of  softwoods. 

6.  The  outer  (first  formed)  portion  of  the 
springwood  has  appreciably  greater  shrinkage 
than  the  inner  (later  formed)  portion. 
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Discussion 

F.  F.  Wangaard  (Yale  University) :  Profes¬ 
sor  Cockrell’s  conclusion  that  excessive  longi¬ 
tudinal  shrinkage  is  not  related  to  *  rate  of 
growth  as  such  alters  somewhat  a  concept  that 
has  been  rather  generally  accepted.  Perhaps 
one  comment  may  help  to  clarify  some  diffi¬ 
culties  that  seem  to  arise  in  connection  with  his 
conclusion.  I  take  it  that  he  does  not  interpret 
his  results  as  contradicting  the  relationship  that 
has  been  so  commonly  observed  in  young  coni¬ 
fers.  In  such  material  a  rapid  rate  of  growth 
near  the  pith  is  usually  associated  with  abnor¬ 
mal  longitudinal  shrinkage. 

Prof.  Cockrell:  'That  is  essentially  correct. 
Excessive  longitudinal  shrinkage  seems  to  be 
more  a  function  of  proximity  to  pith  rather 
than  rate  of  growth.  Since  most  conifers  have 
wide  rings  more  commonly  near  the  pith  than 
further  out  in  the  log  cross  section,  it  is  not 
strange  that  there  has  come  about  this  associa- 
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tion  of  high  longitudinal  shrinkage  with  rapid 
growth. 

Roy  M.  Carter  (North  Carolina  State  Col¬ 
lege)  :  Is  the  change  from  air-dry  to  oven-dry 
condition  always  accompanied  by  an  increase  in 
length  ? 

Proj.  Cockrell:  No.  It  is  usually  accom¬ 
panied  by  a  slight  decrease  in  length  for  nor¬ 
mal  woo<l.  Wood  from  near  the  stump  occa¬ 
sionally  still  shows  elongation  when  dried  to 
the  oven-dry  state.  Most  of  the  elongation, 
however,  occurs  in  drying  to  the  air-diy  state, 
and  I  think  we  could  conclude  that  summer- 
wood  usually  increases  in  length  at  this  stage 
of  drying.  This  eflFect  is  largely  offset  by  the 
springwood  shrinking,  however,  so  the  net 
effect  is  often  zero  or  slight  shrinkage. 
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Prof.  Carter:  During  the  war,  when  preci¬ 
sion  'in  aircraft  fabrication  dimensions  was 
essential,  the  question  of  changes  in  length  fre¬ 
quently  occurred.  This  information  and  similar 
data  on  other  species  throws  some  light  on  the 
cause  for  these  changes. 

Measurements  were  taken  on  blocks  % 
inches  square  and  6  inches  long.  Does  this 
elongation  of  longleaf  and  loblolly  pine  in  dry¬ 
ing  from  green  to  air  dry  or  11  percent  mois¬ 
ture  content  actually  take  place  in  commercial 
lumber  sizes?  » 

Prof.  Cockrell:  Measurements  of  full-sized 
boards  were  not  made  although  I  believe  it  can 
be  assumed  that  boards  allowed  to  dry  in  an 
unrestrained  condition  would  show  similar 
elongation. 
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Development  of  Collapse  in  Aspen  Lumber' 

V.  H.  Clausen,  L.  W.  Rees  and  F.  H.  Kaufert 
Division  of  Forestry,  University  of  Minnesota 

Collapse  of  the  wood  in  an  intermediate  zone  between  sapwood  and  beattwood  is  a  serious  defect  devel¬ 
oping  in  aspen  lumber  during  kiln-drying,  particularly  when  rapid  or  severe  kiln  schedules  are  usol.  The 
intermediate  zone,  often  called  "wetwood'^.  which  is  so  subject  to  collapse  hat  a  very  high  moisture  content 
when  compo^  to  beattwood  and  sapwood;  it  is  heavily  infected  with  baaeria;  it  is  very  impervious  to  the 
passage  of  air  and  water;  and  both  the  “wetwood”  and  beattwood  are  weaker  than  the  sapwood  in  certain 
strenuh  properties.  “Wetwood**  zones  are  readily  detected  in  logs  and  green  lumber  and  losses  from  collapse 
can  be  rMuced  by  sotting  and  separate  drying,  either  air  drying  or  kiln  drying  with  mild  sdiedule,  of  boards 
containing  such  wood.  , 


Introduction 

The  production  of  aspen  lumber  in  the 
Lake  States  has  grown  from  an  almost 
insignificant  amount'  twenty-five  years  ago 
to  152,000,000  board  feet  in  1946.*  Produc¬ 
tion  of  lumber  from  this  former  weed  species 
in  Minnesota  alone  was  68,000,000  board  feet 
in  1946.  Because  of  the  large  area  of  aspen  in 
the  Lake  States,  growth  at  present  greatly  ex¬ 
ceeds  drain  and  this  excess  of  growth  over 
drain  is  expected  to  increase  unless  utilization 
for  present  uses  can  be  greatly  increased  and 
new  outlets  can  be  developed. 

According  to  Zasada*  aspen  lumber  in  1945 
was  used  for  the  following  purposes:  80  mil¬ 
lion  bd.  ft.  or  75  percent  for  boxes  and  crat¬ 
ing,  15  million  bd.  ft.  or  14  percent  for  build¬ 
ing  purposes,  8  million  bd.  ft.  or  8  percent  for 
core  stock,  2  million  bd.  ft.  or  1.5  percent  for 
furniture,  and  2  million  bd.  ft.  for  novelties, 
woodenware,  Venetian  blinds,  etc.  Recent  efforts 
have  been  directed  towards  increasing  the  utili¬ 
zation  of  aspen  lumber  for  such  higher  value 
products  as  core  stock,  furniture,  building  mate¬ 
rial,  and  Venetian  blinds,  etc. 

Major  problems  faced  in  attempts  to  in¬ 
crease  the  utilization  of  aspen  lumber  are  the 
short  lengths  and  narrow  widths  of  boards  pro¬ 
duced,  the  presence  of  natural  and  seasoning 
defects,  generally  inferior  manufacture  by  small 
mills,  prejudice  and  lack  of  knowledge  of  the 
characteristics  of  the  species,  and  general  un¬ 
availability  of  a  graded  or  standardized  product 

^This  study  was  partly  financed  with  funds  pro¬ 
vided  under  the  Research  and  Marketing  Act  of  1946. 

*  Zasada,  Z.  A.  Aspen  properties  and  uses.  Lake 
States  Aspen  Report  No.  1.  Lake  States  Forest 
Experiment  Station.  1947. 


that  can  be  marketed  in  competition  with  mate¬ 
rial  from  other  regions. 

Some  of  the  problems  faced  in  efforts  to  in¬ 
crease  the  markets  for  aspen  are  relatively  in- 
solvable — for  example  the  narrow  widths  and 
short  lengths  of  boards,  because  of  the  inherent 
nature  of  the  species.  Other  problems,  such  as 
the  development  of  standard  grades,  improved 
manufacture,  dissemination  of  information  re¬ 
garding  the  characteristics  of  the  species,  and 
reduction  in  the  amount  of  defect  developing 
during  seasoning  are  capable  of  solution  and 
require  attention  if  this  species  is  to  gain  the 
position  in  the  lumber  field  that  its  availability 
and  general  properties  indicate  that  it  deserves. 

One  of  the  important  defects  developing  in 
aspen  lumber  during  seasoning,  particularly 
during  kiln  drying,  is  collapse.  Collapse  of 
lumber  during  kiln  drying  has  received  consid¬ 
erable  study  in  case  of  many  commercially  im¬ 
portant  lumber  species,  particular  attention  be- 
ing  given  to  preventive  measures,  but  little  or 
no  study  of  this  defect  has  been  made  in  case 
of  aspen.  This  paper  is  a  preliminary  report 
of  a  study  made  to  determine  the  extent  or 
occurrence  of  collapse  in  aspen  lumber  during 
air  seasoning  and  kiln  drying,  the  location  of 
collapsed  areas  within  boards,  the  detection  of 
material  that  may  collapse  while  still  in  log 
form,  the  characteristics  of  the  wood  in  those 
zones  most  affected  by  this  defect  (Fig.  1), 
and  possible  means  of  prevention. 

Occurrence  and  Importance  of  Collapse 

Collapse  in  air-seasoned  aspen  lumber  is  not 
serious  and  causes  relatively  little  defect.  The 
general  observation  made  on  air-seasoned  lum¬ 
ber  at  a  number  of  northern  Minnesota  saw- 
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Fig.  1. — Surface  and  cross-sectional  views  of  two  aspen  boards  containing  "wetwood". 
Photographed  in  the  green  condition. 


mills,  which  was  corroborated  by  the  opinion 
of  mill  operators,  indicates  that  less  than  3  per¬ 
cent  of  the  boards  are  affected.  Furthermore, 
collapse  developing  during  air-seasoning  is 
never  as  serious  as  during  kiln-drying  and  the 
defect  is  largely  eliminated  in  planing. 

In  case  of  aspen  kiln-dried  from  the  green 
condition,  the  occurrence  and  severity  of  col¬ 
lapse  was  found  to  be  almost  directly  corre¬ 
lated  with  the  kiln  schedule.  In  a  box-lumber 
mill  where  green  lumber  was  dried  to  a  mois¬ 
ture  content  of  12  to  18  percent  in  72  hours, 
serious  collapse  was  found  to  occur  in  38  per¬ 
cent  of  the  boards  in  a  random  sample  of 
about  1,000  board  feet  of  4/4  lumber  tallied. 
Of  the  boards  containing  collapse,  60  percent 
were  estimated  to  contain  collapse  that  would 
not  plane  out  and  which  would  need  to  be  re¬ 
sawed  into  thinner  stock  or  otherwise  utilized 


to  recover  a  portion  of  their  Value.  In  a  second 
plant,  manufacturing  furniture  core  stock,  a 
much  milder  kiln  schedule  was  used  in  drying 
from  the  green  condition  to  a  moisture  content 
of  3  to  7  percent  and  the  frequency  and  severity 
of  collapse  was  found  to  lie  between  that  for 
air-seasoned  lumber  and  the  box  lumber  dried 
under  rather  drastic  conditions. 

These  observations  corroborated  the  findings 
of  Smith,®  that  while  the  occurrence  and  sever¬ 
ity  of  collapse  in  aspen  lumber  is  closely  corre¬ 
lated  with  drying  conditions,  it  can  and  does 
occur  to  a  limited  extent  even  under  relatively 
mild  kiln-drying  schedules  and  during  air  sea¬ 
soning.  Its  greater  occurrence  in  kiln-drying  is 
no  doubt  due  to  a  considerable  extent  to  the 


’Smith,  H.  H.  Seasoning  of  aspen.  Lake  States 
Aspen  Report  No.  5.  Lake  States  Forest  Experiment 
Station.  1947. 


461 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


plasticizing  effect  of  heat  on  the  cell  walls  and 
a  resultant  decrease  in  resistance  to  collapse  as 
well  as  to  the  severity  of  drying  conditions. 

The  importance  of  collapse  is  directly  corre¬ 
lated  with  the  use  made  of  the  lumber.  When 
used  for  boxes  and  other  containers  only  the 
most  severe  collapse  results  in  waste  and  loss. 
The  loss  may  consist  of  rejection  of  short  cut¬ 
tings  or  only  of  portions  of  cuttings  in  case  the 
material  is  resawed.  In  case  of  furniture  core 
stock  and  building  lumber,  however,  even  mild 
collapse  may  result  in  rejection  of  entire  boards 
or  considerable  loss  in  cuttings  because  the  ma¬ 
terial  does  not  plane  smooth.  The  development 
of  shake  (Fig.  2)  in  connection  with  severe 
collapse  may  result  in  added  losses  in  grade 
and  volume. 

The  Location  of  Collapse  in  Boards 

Collapse  in  aspen  has  never  been  found  to 
occur  in  sapwood,  which  fortunately  makes  up 


the  greater  portion  of  most  aspen  logs  (Figs.  3 
and  4).  Consequently,  the  drying  of  flat-sawn 
all-sapwood  boards  is  not  a  problem  and  drying 
without  the  development  of  collapse  can  be 
accomplished  even  under  rather  drastic  drying 
conditions.  The  wood  most  subject  to  collapse 
consists  of  a  rather  narrow  band  lying  between 
the  heartwood  and  sapwood  and  occasionally 
certain  spots  in  the  heartwood.  This  interme¬ 
diate  zone  or  band  of  wood,  lying  betvi’een  the 
heartwood  and  sapwood  commonly  called  "wet- 
wood”*  can  usually  be  recognized  because  of 
its  darker  color  and  wet  appearance  (Figs.  1 
and  3) .  It  does  not  occur  in  all  aspen  logs  and 
may  not  be  uniformly  distributed  in  individual 
trees  or  even  in  individual  logs.  In  addition  to 
the  collapse  developing  in  these  bands  of  wet- 
wood,  there  is  an  occasional  development  of 

*  Hartley,  C.  and  Crandall,  B.  S.  Vascular  diseases 
in  poplar  and  willow.  (Abst.)  Phytopath.  23  (1): 
18-9. 
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Fig.  3  . — Cross-section  of  an  aspen  log  showing  the  distinct  "wetwood”  zone  between  heartwood  and 
sapwoc^.  In  spite  of  the  appearance  of  the  heartwood,  no  evidence  of  wood  rotters  was  found  in  the  isola¬ 
tions  made  from  the  log.  The  roughness  of  the  cut  is  believed  to  be  due  to  the  lower  strength  and  some¬ 
what  lower  moisture  content  of  the  heartwood. 


this  defect  in  the  dark-colored  wood  so  char¬ 
acteristic  around  knots  and  other  defects. 

That  it  is  possible  to  detect,  from  the  appear¬ 
ance  of  the  ends  of  logs,  material  that  may 
collapse  on  drying  was  shown  by  sampling  a 
large  number  of  logs  during  the  course  of  this 
study  and  drying  this  material  in  the  labora¬ 
tory.  Only  infrequently  did  boards  cut  from 
logs  showing  typical  "wetwood”  zones  on  the 
ends  fail  to  develop  some  collapse  when  dried 
in  the  laboratory  under  conditions  comparable 
to  those  encountered  in  kiln-drying  schedules 
in  use  at  box  lumber  plants. 

The  Characteristics  of  "Wetwood”  Zones 

In  an  attempt  to  determine  why  collapse  is 
largely  limited  to  the  zone  of  wood  between 
heartwood  and  sapwood  (Figs.  1  to  4),  a 


study  was  made  of  the  characteristics  of  this 
wood  and  how  it  differed  from  heartwood  and 
sapwood  which  are  generally  quite  free  from 
this  defect. 

Moisture  Content 

The  appearance  of  the  wood  in  the  zone  be¬ 
tween  heartwood  and  sapwood  is  indicative  of 
a  high  moisture  content.  That  the  moisture 
content  of  this  zone  is  actually  higher  than  that 
of  the  heartwood  and  sapwood  has  been  shown 
by  Pillow.®  In  a  sample  of  16  aspen  boards 
showing  "wetwood”  zones.  Pillow  found  the 
average  moisture  contents  of  the  sapwood, 
"wetwood”  zone,  and  heartwood  to  be  100.5, 
127.2,  and  107.0  percent  respectively,  and  the 


*  Pillow,  M.  Y.  Unpublished  Forest  Products  Lab¬ 
oratory  manuscript. 
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Fig.  4. — Cross-section  of  eight  different  aspen  logs  showing  variations  in  pattern  of  the  "wetwood" 

and  heartwood  regions. 


"wetwood”  zone  of  one  board  had  a  moisture 
content  of  228  percent.  In  a  study  of  8  aspen 
logs  by  the  writers,  moisture  contents  for  the 
sapwood,  "wetwood”  zone,  and  heartwood 
were  found  to  be  91-3,  113.4,  and  80.1  percent 
respectively.  In  another  sample  of  8  logs,  the 
moisture  content  was  found  less  consistent  but 
the  moisture  content  gradient  between  zones 
was  very  abrupt.  These  results  would  indicate 
that  the  so-called  "wetwood”  zones  of  aspen 
logs  are  correctly  named  and  that  this  wood 
normally  has  a  considerably  higher  moisture 
content  than  adjacent  heartwood  and  sapwood. 

Imperviousness 

The  commonly  accepted  explanation  for  col¬ 
lapse  in  lumber  is  that  the  water  within  the  cell 
cavity  moves  out  of  the  cell  as  a  column  and 
exerts  a  cohesive  force  on  the  cell  walls  strong 
enough  to  pull  the  walls  of  the  cell  together. 
For  this  to  occur,  the  cells  must  be  filled  with 
water  and  the  wood  must  be  relatively  impervi¬ 
ous  to  the  entrance  of  air.  The  importance  of 
imperviousness  as  a  contributing  factor  in  the 
development  of  collapse  is  indicated  by  the 
rarity  of  collapse  in  sapwood,  which  may  have 
very  high  moisture  contents  in  aspen  as  well 


as  in  most  woods  but  which  rarely  shows  col¬ 
lapse  even  under  drastic  drying  conditions. 

To  test  the  imperviousness  of  material  from 
the  "wetwood”  zone  of  aspen  logs  and  com¬ 
pare  this  with  sapwood  and  heartwood,  the 
"soap  bubble”  test  described  by  Tiemann*  was 
made.  Thin  cross  sections  of  wood  cut  from 
these  three  zones  of  aspen  logs  showed  that  the 
"wetwood”  and  heartwood  sections  were  prac¬ 
tically  impervious  to  the  passage  of  air  whereas 
the  sapwood  was  quite  pervious.  The  impervi¬ 
ousness  of  aspen  heartwood  and  "wetwood" 
to  the  penetration  of  liquids  has  been  fre¬ 
quently  demonstrated  in  attempts  to  treat  posts, 
ties,  and  lumber  of  this  species  with  wood 
preservatives.  Even  under  conditions  of  high 
vacuum  and  pressure  little  or  no  penetration  of 
preservatives  is  obtained  in  the  "wetwood”  and 
heartwood.  Also,  there  is  some  evidence  to  in¬ 
dicate  that  the  erratic  or  spotty  penetration  of 
preservatives  in  aspen  sapwood  is  due  to  the 
occurrence  of  developed  or  incipient  impervi¬ 
ous  "wetwood”  areas  scattered  through  the 
sapwood. 

*  Tiemann,  H.  D.  Permeability  of  wood  to  air  and 
liquids.  So.  Lumberman  177:  2223;  68. 
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Infection  by  Microorganisms 

The  occurrence  of  bacterial  infection  in  the 
so-called  "wetwood”  has  been  reported  for  9 
genera  of  tree  species  and  includes  several  spe¬ 
cies  of  Populus.^  In  Lombardy  poplar  (Populus 
nigra  italica)  the  "wetwood”  zone  is  reported 
to  move  outward  in  the  trunk,  leaving  behind 
a  reddish  tissue  which  later  changes  to  a  brown 
color.  That  a  somewhat  similar  condition  may 
occur  in  aspen  is  indicated  the  appearance 
of  many  logs  (Fig.  4). 

In  order  to  ascertain  whether  bacteria  and 
1  possibly  fungi  were  present  in  the  material 

I  studied,  more  than  400  cultures  were  made  of 

I  sapwood,  "wetwood”,  and  heartwood  on  malt 

and  beef  peptone  agars.  What  appeared  to  be 
a  single  bacterium,  as  yet  not  identified,  was 
obtained  in  a  high  percentage  of  the  cultures 
from  all  zones.  The  general  presence  of  bac¬ 
teria  in  sapwood  as  well  as  in  heartwood  and 
"wetwood”  was  rather  surprising  and  unex¬ 
pected.  Schmitz  and  Jackson^  obtained  bacteria 
occasiondly  in  their  isolations,  but  not  in  the 
I  percentage  encountered  in  this  study,  about  65 

I  percent  of  the  cultures  made. 

I  Wood-rotting  fungi  were  isolated  from  only 

I  two  logs,  both  of  which  had  evident  decay  in 

\  the  heartwood  caused  by  Pomes  igniarius.  The 

;  general  failure  to  obtain  decay  fungi  in  isola- 

I  tions  from  "wetwood”  and  discolored  heart- 

||  wood  areas  indicates  that  most  of  the  dark- 

s  colored  wood  encountered  in  aspen  heartwood 

\  and  around  knots  and  other  defects  is  not  in- 

i  cipient  decay  as  has  been  postulated  but  may  be 

S  due  to  bacterial  infection  or  other  causes. 

The  general  presence  of  bacteria  in  sapwood, 

("wetwood”, '  and  heartwood  is  suggested  as  a 
possible  contributing  factor  to  the  impervious¬ 
ness  of  heartwood  "wetwood”,  and  certain 

(areas  in  the  sapwood.  That  these  bacteria  may 
exert  a  plugging  or  occluding  action  similar  to 
that  noted  in  case  of  certain  bacteria  causing 
I  diseases  of  plants  is  certainly  within  the  realm 

i  of  possibility. 

I  pH  of  Wood 

I  Pillow®  found  that  pH  color  indicators  when 

■  applied  to  the  wood  showed  the  high  moisture 

■  content  zone  (wetwood)  to  have  a  higher  pH 

■  ’Schmitz,  H.  and  Jackson,  L.  W.  R.  Heartrot  of 

■  aspen.  Tech.  Bui.  50,  Univ.  Minn.  Agr.  Exp.  Sta. 

I  1927. 


RESEARCH  SOCIETY 


value  than  the  adjacent  sapwood  and  heart- 
wood,  possibly  because  of  the  formation  of 
alkaline  materials  by  bacteria  present.  He  sug¬ 
gests  that  such  an  indicator  might  be  used  to 
identify  wood  which  is  likely  to  collapse.  The 
authors  were  unable  to  obtain  consistent  results 
in  applying  such  colorimetric  pH  indicators, 
although  in  many  cases  a  higher  pH  was  indi¬ 
cated  for  "wetwood”.  In  further  study  of  pH 
with  a  Leeds  and  Northrop  pH  meter,  it  was 
found  that  the  variation  of  pH  within  each  of 
the  zones  exceeded  the  variation  between  zones, 
although  the  pH  of  the  wetwood  generally  was 
higher  than  that  of  the  sapwood  and  heart- 
wood. 

Strength  Tests 

Although  there  is  no  evidence  from  the  lit¬ 
erature  that  collapse  develops  in  zones  or  spots 
in  which  the  wo^  is  weaker,  this  was  consid¬ 
ered  a  possibility  in  aspen  because  of  the  tend¬ 
ency  of  wood  in  "wetwood”  areas  to  shrink 
excessively,  check  and  shake.  Also,  the  rough¬ 
ness  of  some  cuts  made  with  hand  and  power 
saws  in  crosscutting  heartwood  (Fig.  3)  sug¬ 
gested  a  possible  weakness  at  least  of  the 
heartwood. 

In  order  to  obtain  some  data  on  this  point  a 
limited  number  of  strength  tests  were  made. 
Toughness  and  compressive  strength  tests  were 
made  on  samples  cut  from  the  sapwood,  "wet¬ 
wood”,  and  heartwood  zones  of  16  logs.  The 
number  of  samples  that  could  be  cut  from 
some  logs  was  limited  by  the  fact  that  very 
little  of  the  wetwood  was  wide  enough  to  be 
sawn  into  standard  sized  specimens.  Specific 
gravity  determinations  were  made  on  specimens 
from  each  zone  of  each  log  on  which  strength 
tests  were  made.  An  average  of  4  standard 
toughness  and  4  compression  test  specimens 
was  cut  f*om  each  zone  of  each  log.  The  re¬ 
sults  of  these  tests  are  shown  in  Table  1.  Be¬ 
cause  of  the  small  number  of  specimens  per 
log,  all  material. from  each  of  the  zones  was 
lumped  and  a  single  average  obtained.  All 
tests  were  made  in  the  green  condition. 

Because  of  the  large  strength  differences  ob¬ 
tained  between  samples  cut  from  the  three 
zcMies  of  this  group  of  logs,  another  set  of 
eight  logs  was  tested.  Tests  on  intermediate 
zone  wood  were  not  included  in  this  test  be¬ 
cause  enough  standard  sized  specimens  could 
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Table  1. — ^Results  of  Toughness  and  Compression  Tests  on  Wood  From  Eight  Aspen  Logs 


Zone  of  Wood 


Avera^ 

specific 

gravity 


Number 


Average 

toughness 

value 


Average 
compressive 
strength  piuaUel 
to  grain 


Sapwood _ 

Intermediate _ _ _ 

Heartwood _ S. 

not  be  cut  from  this  zone  in  this  particular  set 
of  logs  to  give  a  good  average  value.  Also, 
only  toughness  tests  were  run  because  values 
for  this  test  were  so  strikingly  different  from 
the  first  group  of  logs.  An  average  of  12 
toughness  specimens  was  cut  from  each  zone  of 
each  of  these  8  logs.  The  results  on  this  sec¬ 
ond  group  of  toughness  tests  made  on  green 
specimens  from  8  lo'»s  are  given  in  Table  2. 

Table  2. — Results  of  Toughness  Tests  of  Sap- 
WOOD  AND  Heartwood  on  a  Second  Set 
OF  Eight  Aspen  Logs 

Average 

specific  Number  Average 
gravity  of  specimens  toughness 


Zone  of  wood  8  logs  tested  value 

in.-lbs. 

Sapwood _  0.391  98  124.2 

Heartwood . 360  103  47.7 


The  surprising  similarity  between  the  results 
obtained  (Mi  the  first  and  second  groups  of  logs 
obtained  from  entirely  different  locations  and 
picked  at  random  from  large  stacks  of  8-foot 
bolts  certainly  indicates  that  aspen  heartwood 
and  possibly  the  "wetwood”  of  these  logs  were 
considerably  weaker  than  sapwood  in  the 
strength  tests  made.  The  difference  was  suffi¬ 
ciently  great  so  that  one  might  expect  the  pres¬ 
ence  of  decay  organisms  in  the  heartwfxid  and 
possibly  in  the  "wetwood”.  However,  isola¬ 
tions  from  all  of  the  material  tested  failed  to 
reveal  a  single  instance  of  decay  in  the  zones 
from  which  test  specimens  were  cut. 

The  fact  that  the  average  specific  gravity 
of  heartw(X)d  in  these  logs  was  approximately 
10  percent  lower  than  that  ^  of  the  sapwfxid 
suggests  further  that  the  heartwood  may  have 
been  affected  in  some  manner.  Although  a 
much  larger  number  of  tests  on  aspen  samples 
from  a  greater  number  of  l(x;ations  must  be 
made  before  conclusions  can  be  drawn  on  a 
point  as  important  as  this,  the  data  do  suggest 
that  aspen  heartw(X)d  and  "wetw<x)d”  are  con¬ 
siderably  weaker  in  toughness  and  compressive 


in.-lbB. 

psi 

0.381 

33 

.  136.8 

2611 

.376 

24 

93.8 

1884 

.343 

30 

49.6 

1862 

strength  than  sapwood.  It  is  suggested  that  if 
this  difference  in  strength  between  sapwood 
and  the  wetwood  and  heartwood  of  aspen  is 
found  to  be  consistent  in  further  trials  that  it 
may  be  the  result  of  weakening  by  the  bac¬ 
teria  which  are  so  abundantly  found  in  all 
aspen  wocid  and  may  be  particularly  active  in 
the  "wetwood”  and  heartwood.  If  this  is  found 
to  be  the  case  it  would  be  the  first  recorded 
instance  of  bacteria  affecting  wood  sufficiently 
to  result  in  measurable  specific  gravity  and 
striking  strength  losses.  Added  work  is  planned 
on  th’S  during  the  coming  year. 

Although  it  cannot  be  definitely  stated  that 
lower  strength  of  "wetwood”  and  heartwood 
contribute  to  the  formation  of  collapse,  this 
possibility  is  certainly  not  excluded  on  the  basis 
of  the  strength  values  found  for  the  different 
zones  of  wood. 

Detection  and  Prevention 

Most  producers  of  kiln-dried  aspen  lumber 
are  well  acquainted  with  the  defect  caused  by 
collapse  and  a  few  of  them  have  adopted  meas¬ 
ures  effective  in  reducing  losses. 

The  fact  that  "wetwood”,  in  which  most  of 
the  collapse  occurs,  can  be  detected  and  identi¬ 
fied  with  some  accuracy  by  the  appearance  of 
the  ends  of  logs  (Figs.  3  and  4)  suggested  the 
possibility  of  separating  the  logs  containing 
"wetwood”  and  sawing  and  drying  the  lumber 
from  them  separately  by  air  seasoning  or  under 
mild  kiln  schedules.  However,  it  was  found 
that  under  the  operating  conditions  at  most 
mills  this  was  not  practical. 

The  procedure  adopted  by  one  plant  mak¬ 
ing  core  stock  was  to  kiln-dry  from  the  green 
condition  only  clear  sapwood  boards  and  such 
added  boards  as  were  definitely  free  from 
"wetwood”.  The  remaining  material,  which  in¬ 
cluded  largely  heartwcxx!  and  boards  with 
streaks  of  "wetwood”,  were  routed  to  the  air¬ 
seasoning  yard  and  air-dried  prior  to  kiln- 
drying.  The  fact  that  collapse  does  not  develop 
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to  a  serious  extent  during  air-seasoning  even  in 
material  with  considerable  "wetwood”  makes 
it  possible  to  dry  this  material  to  a  point  where 
it  can  be  kiln-dried  to  the  desired  moisture 
content  without  danger  of  further  losses  from 
collapse. 

The  use  of  mild  kiln  schedules  and  steaming 
At  the  end  of  the  kiln  run  are  other  methods  of 
reducing  collapse  losses.  However,  the  use  of 
mild  schedules  and  the  type  of  steaming 
needed  to  restore  collapsed  areas  in  aspen 
boards  is  expensive  and  is  not  considered  eco¬ 
nomical  under  most  Minnesota  mill  conditions. 

At  present  at  least,  the  procedure  for  reduc¬ 
ing  collapse  losses  adopted  by  the  core  stock 
mill  mentioned  above  is  considered  the  most 
practical  for  mills  equipped  with  kilns  and 
drying  aspen  from  the  green  condition.  Sepa¬ 
ration  and  air  seasoning  of  boards  containing 
"wetwood”  and  low-quality  heartwood  prior 
to  kiln-drying  almost  eliminates  serious  col¬ 
lapse  in  this  material  and  it  permits  the  sap- 
wood  to  be  dried  under  more  rapid  kiln  sched¬ 
ules  with  little  danger  of  loss  from  collapse. 
Small-mill  aspen  lumber  is  normally  air-sea¬ 
soned  and  losses  from  collapse  in  this  material 
should  be  relatively  minor  as  compared  to 
losses  from  poor  manufacture. 

Summary 

Collapse  was  found  to  be  a  rather  common 
and  serious  defect  of  kiln-dried  aspen  lumber, 
particularly  for  lumber  dried  under  rather 
drastic  conditions  or  with  rapid  kiln  schedules. 

The  majority  of  the  collapse  was  found  to 
develop  in  btoards  cut  from  or  including  the 
"wetwood”  zone  of  aspen  logs.  "Wetwood”, 
either  in  logs  or  in  green  lumber,  was  found 
to  be  readily  identifiable  by  its  darker  color  and 
wet  appearance.  "Wetwood”  normally  occurs 
as  a  zone  between  heartwood  and  sapwood  and 
appears  to  be  present  in  only  a  small  percentage 
of  aspen  logs. 

The  wood  of  the  "wetwood”  zones  was 
found  to  be  characterized  by  high  moisture  con¬ 
tent,  extreme  imperviousness  to  the  passage  of 
air  and  liquids,  uniformity  of  infection  with 
what  appeared  to  be  a  single  species  of  bac¬ 
terium,  and  weakness  in  compression  and 
toughness  as  compared  to  sapwood. 


Separation  of  boards  containing  "wetwood” 
from  sapwood  boards  and  air-seasoning  this 
material  prior  to  kiln-drying  is  an  eflFective 
method  of  reducing  collapse  losses  at  mills 
equipped  with  kilns  to  dry  lumber  from  the 
green  condition.  Small  mills  commonly  air  sea¬ 
soning  their  product  normally  have  little 
trouble  with  collapse. 

Additional  work  on  the  nature  and  preven¬ 
tion  of  collapse  in  aspen  and  on  the  strength 
of -aspen  heartwood  and  "wetwood”  as  com¬ 
pared  to  sapwood  is  planned. 

Discussion 

Raymond  C.  Rjetz  (Forest  Products  Labora¬ 
tory)  :  TTSe  information  given  in  this  paper  on 
the  causes  of  and  the  remedies  for  the  develop¬ 
ment  of  collapse  in  aspen  are  significant  con¬ 
tributions  to  our  knowledge  of  the  seasoning 
characteristic  of  this  particular  species  of  wood. 

I  am  pleased  that  the  work  is  to  continue,  as  a 
better  theory  than  the  classical  one  we  now 
have  on  collapse  may  be  developed.  The  authors 
indicate  that  the  "wetwood”  of  aspen  is  heat 
sensitive,  therefore,  recommend  that  control 
must  be  gained  by  air  drying  lumber  containing 
this  high  moisture  content  material.  Research 
sponsored  by  the  Redwood  AsscKiation  has  ar¬ 
rived  at  the  same  conclusion;  namely,  that  if 
sinker  stock  is  to  ibe  dried  without  serious  losses 
due  to  collapse  it  must  first  be  air  dried.  A 
number  of  other  species  have  this  same  season¬ 
ing  problem. 

The  authors  associate  collapse  in  aspen  with 
high  moisture  content  impervious  to  air  and 
liquids  and  infection  with  bacteria.  As  previ¬ 
ously  supposed,  decay  organisms  are  not  always 
present.  Strength  tests  indicate  the  likelihood 
of  reduced  st.ength  due  to  unknown  causes. 
The  tests  made  were  compression  parallel  to 
grain  and  toughness.  I  'would  like  to  suggest 
that  in  their  future  studies  that  the  strength  in 
tension  perpendicular  to  the  grain  be  studied 
as  a  function  of  moisture  content  and  tempera¬ 
ture,  as  it  is  the  weakness  in  this  direction 
which  results  in  the  defects  observed. 

Dr.  Kaufert:  Some  studies  have  been  con¬ 
ducted  on  the  impregnation  of  wood  which 
tends  to  collapse  with  gas  forming  chemicals 
so  that  the  terrific  stresses  placed  on  the  cell 
walls  by  the  reduction  in  water  ccmtent  of  the 
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cell  cavity  will  be  avoided  by  the  introduction 
of  a  gas  into  the  cell  cavity  in  spite  of  the  im¬ 
perviousness  of  the  cell  wall.  The  studies  were 
not  too  successful  but  offer  a  possible  remedy 
where  segregation  and  air  drying  isn’t  consid¬ 
ered  economic. 

R.  Q.  Carpenter  (U.  S.  Forest  Service) :  Can 
collapse  tendencies  be  detected  in  logs  that 
have  been  cut  for  some  time  and  the  ends  thus 
somewhat  affected  by  weathering,  or  must  ex¬ 
amination  for  such  tendencies  be  applied  to 
freshly-cut  logs? 

Dr.  Kaufert:  During  the  winter  months 
when  logs  are  frozen  it  is  possible  to  detect 
readily  logs  containing  "wetwood”,  even  after 
several  months.  In  the  summer,  however,  it  is 
difficult  to  identify  such  material  for  more  than 
a  few  weeks  after  cutting. 

Arlie  W.  Toole  (Michigan  College  of  Min¬ 
ing  and  Technology) :  Dr.  Kaufert’s  paper 
presents  some  very  interesting  results  both  from 
the  standpoint  of  extending  our  basic  knowl¬ 
edge  of  a  particular  wood  species  and  its  pos¬ 
sible  application  to  improvement  of  operating 
practices. 

The  rapid  decline  in  toughness  with  reduc¬ 
tion  in  specific  gravity  observed  between  sap- 
wood  and  heartwood  may  well  be  of  consider¬ 
able  practical  signficance.  Whereas  the  reduc¬ 
tion  in  specific  gravity  is  of  the  order  of  ten 
percent,  the  corresponding  reduction  in  tough¬ 
ness  is  of  the  order  of  sixty  percent.  For  some 


uses  of  aspen  this  might  be  a  factor  in  its 
utilization. 

I  have  two  questions  I  would  like  to  ask  Dr. 
Kaufert. 

1.  Does  heartwood  in  mature  aspen  com¬ 
monly  comprise  a  high  percentage  of  the 
cross-sectional  area  of  the  tree  or  bolt? 

2.  Is  the  lower  specific  gravity  of  heartwood 
as  compared  to  sapwood  always  or  gen¬ 
erally  associated  with  the  presence  of 
"wetwood”? 

Dr.  Kaufert:  Observations  by  the  writers  in¬ 
dicate  that  the  extent  to  which  heartwood  occu 
pies  the  cross-sectional  area  of  mature  asper 
varies  greatly.  Logs  as  large  as  30  inches  ir 
diameter  with  little  apparent  heartwood  have 
been  observed.  Observations  on  hundreds  of 
aspen  veneer  bolts  indicated  that  some  hac 
heartwood  almost  completely  covering  tht 
cross-sections,  whereas  in  others  heartwood  ap¬ 
peared  to  be  entirely  lacking.  All  degrees  of 
variation  between  these  extremes  were  ob 
served.  Sufficient  data  are  not  available  at  this 
time  to  make  any  generalization  regarding  the 
frequency  as  related  to  percentage  of  cross 
sectional  area  occupied  by  heartwood. 

In  answer  to  Mr.  Toole’s  second  question  it 
may  be  said  that,  with  one  exception,  specific 
gravity  of  heartwood  was  less  than  that  of  the 
sapwood  in  every  log  studied,  regardless  of 
whether  wetwood  was  evident. 
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Control  of  Wood-Boring  Insects  in  Green 
Logs  and  Lumber 

R.  J.  Kowal 

U.S.D.A.,  Agr.  Res.  Adm.,  Bureau  of  Entomology  and  Plant  Quarantine 

Damage  by  wood-boring  insects  presents  an  increasingly  difficult  problem  to  timber  operators.  Changes  in 
operational  requirements  during  recent  years  hare  made  imMctical  the  handling  methods  previously  emmoyed 
in  protecting  timber  from  stuck  by  urntd-boring  insects.  This  paper  presenu  the  results  of  tesu  conducted 
for  the  control  of  such  inseas,  particularly  ambrosia  beales,  by  the  application  of  inseaiddes.  Benzene  bexa- 
chloride  has  performed  very  effeaively  in  the  proteaion  of  both  logs  and  lumber. 


Introduction 

The  protection  of  green  timber  from  in¬ 
sect  attack  has  always  been  considered  a 
problem  to  be  solved  by  proper  handling 
meriiwls.  The  rapid  movement  of  logs  from 
the  woods  to  the  mill  and  their  immediate  con¬ 
version  into  lumber  has  been  considered  a 
necessity.  The  floating  of  logs  in  fresh  water, 
even  the  actual  sinking  of  some  species,  is  also 
practiced  in  the  eflFort  to  prevent  attack  by  saw¬ 
yers,  ambrosia  beetles,  and  other  wood-boring 
insects.  Storage  of  logs  in  open  fields  is  another 
method,  though  of  questionable  value,  utilized 
particularly  for  the  control  of  ambrosia  beetles. 
All  these  methods  have  merits  under  certain 
conditions,  but  each  has  definite  limitations. 
Prompt  handling  of  logs  and  conversion  into 
lumber  is  certainly  the  most  effective  method 
of  preventing  insect  attack  and  general  deteri¬ 
oration  of  the  timber.  It  is  frequently  imprac¬ 
ticable  and  expensive,  however,  particularly 
when  timber  operators,  especially  those  in  the 
South,  must  reach  into  woodlands  far  from  the 
mills  and  into  areas  accessible  only  during  the 
few  dry  months  of  the  year.  Timber  must  be 
logged,  trucked,  and  stored  in  quantities  suffi¬ 
cient  to  maintain  continuous  operation  of  the 
mill  during  the  fall  and  winter  months.  This 
is  true  for  the  most  part  of  the  hardwoods,  but 
it  also  applies  to  the  softwoods. 

In  recent  years  the  problem  of  insect  control 
has  become  an  important  consideration  with 
respect  to  importation  of  tropical  timbers. 
Many  reports  have  been  received  that  damage 
to  valuable  logs  by  insects,  particularly  by 
ambrosia  beetles,  has  been  very  severe.  '^Tiile 
precautions  have  been  taken  to  prevent  attack 
by  floating  the  logs  and  moving  them  rapidly 


to  the  mill,  beetle  populations  in  the  Tropics 
are  so  great  and  active  that  protection  of  the 
timber  is  difficult.  Requests  for  information  on 
insecticidal  control  methods  have  been  nume¬ 
rous. 

The  problem  of  preventing  insect  attack  of 
green  timber  through  the  use  of  insecticides 
has  always  been  a  difficult  one.  In  1922  Craig¬ 
head^  presented  the  difficulties  and  reported 
results  of  tests  with  numerous  insecticidal 
formulations.  Treatments  did  not  offer  protec¬ 
tion  over  the  desired  period  of  time  or  they 
were  impractical  for  other  reasons.  Ambrosia 
beetles  were  particularly  difficult  to  control. 
Perhaps  the  most  extensive  investigations  were 
those  of  Christian^  on  the  control  of  ambrosia 
beetles.  Christian  investigated  the  value  of 
treating  hardwood  lumber  by  dipping  and 
spraying  methods,  giving  particular  attention 
to  the  latter.  He  tested  more  than  100  formu¬ 
lations.  Four  were  found  to  be  effective  and 
one  offered  some  promise  of  being  used  on  a 
practical  scale.  Dichlorodiphenyl  oxide  in  kero¬ 
sene  1:3  became  widely  used  for  preventing 
damage  to  green  logs  and  lumber  by  ambrosia 
beetles.  However,  this  formulation  left  much 
to  be  desired.  Under  severe  exposure  one  spray 
application  protected  logs  for  only  1  to  2 
months,  the  chemical  could  not  be  readily 
adapted  to  lumber  treatment,  and  the  cost  of 
protection  was  too  high. 

In  1944  and  1945  snull-scale  exploratory 
tests  were  conducted  by  the  Bureau  of  Ento- 

^  Craighead,  F.  C.  Experiments  with  spray  solu¬ 
tions  for  preventing  insect  injury  to  green  logs.  U.  S. 
Dept.  Agr.,  Prof.  Paper  Bui.  1079,  H  PP-  1922. 

’Christian,  M.  B.  Experiments  on  the  prevention 
of  ambrosia  beetle  damage  in  hardwoods.  South. 
Lumberman  159:110-112.  1939. 
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mology  and  Plant  Quarantine  at  Gulfport, 
Miss.,  to  determine  the  value  of  DDT  in  con¬ 
trolling  ambrosia  beetles.  Results  were  so 
promising  that  tests  were  expanded  in  1946  to 
include  various  formulations  of  DDT,  Benzene 
hexachloride  and  chlordane  were  also  given 
preliminary  tests.  Benzene  hexachloride  oflfered 
protection  superior  to  any  material  previously 
tested.  In  1947  and  1948  numerous  formula¬ 
tions  of  this  chemical  and  other  recently  devel- 
.oped  synthetic  organic  insecticides  were  inten¬ 
sively  tested  at  cutting  sites  and  lumber  mills 
at  six  different  locations  in  Alabama,  Louisiana, 
and  Mississippi.  Studies  included  different 
formulations  of  various  chemicals  and  different 
methods  of  application  directed  toward  their 
practical  use  by  timber  operators  in  protection 
of  logs  and  lumber. 

Since  1947  an  eflFective  oil  formulation  of 
benzene  hexachloride  has  been  recommended 
to  timber  operators  urgently  in  need  of  meas¬ 
ures  for  protecting  green  logs  from  insect 
attack.  Operators  in  this  country  and  Central 
America  have  reported  very  favorable  results. 
One  large  operator  reported  highly  successful 
results  with  this  treatrtient  when  it  was  adopted 
following  repeated  failures  with  oil  solutions 
of  DDT.  British  workers  have  recently  re¬ 
ported  benzene  hexachloride  to  be  effective  in 
preventing  attack  of  logs  by  ambrosia  beetles 
and  have  pointed  out  its  superiority  over  DDT 
in  offering  greater  protection  over  a  longer 
period.® 

Results  of  tests  conducted  during  1946, 
1947,  and  1948  are  presented  in  this  paper. 
Emphasis  is  placed  on  the  control  of  ambrosia 
beetles,  in  view  of  the  importance  of  the  prob¬ 
lem  and  intensive  studies  conducted  in  relation 
to  it.  Some  attention  is  devoted  to  the  protec¬ 
tion  of  pine  timber  from  attack  by  bark  beetles 
and  borers. 

Protection  of  Green  Hardwood  Logs 
Description  of  Insects  and  Damage 

There  are  several  species  of  ambrosia  beetles. 
Xylehorus  affinis  Eich.  (family  Scolytidae)  and 
Platypus  compositus  Say  (Platypodidae)  cause 
the  greatest  damage  to  southern  hardwood 
timber.^  The  adults  are  tiny,  elongate  beetles, 

*  Fisher.  R.  C.  DDT  and  control  of  Lyctus  powder- 
post  beetles.  Emoire  Forestry  Rev.  27:303-305.  1948. 

*  Blackman,  M.  W.  Mississipoi  bark  beetles.  Miss. 
Agr.  Exp.  Ste.,  Tech.  Bui.  11.  130  pp.  1922. 


2.5  to  4,5  mm.  long,  cylindrical  and  short¬ 
legged,  with  dull  brown  to  blade  coloration. 
They  attack  dying  trees  and  green  logs  and 
lumber.  The  adult  beetles  damage  timber  by 
tunneling  throughout  the  wood.  In  this  tunnel¬ 
ing  they  introduce  and  propagate  ambrosia 
fungi,  upon  which  adult  beetles  and  their 
progeny  feed.  The  particular  fungi  associated 
with  some  species  of  ambrosia  beetles  cause  a 
dark  staining  of  the  wood  surrounding  the  gal¬ 
lery.  Hubbard®  gives  a  detailed  account  of  the  . 
feeding  habits  and  life  history  of  ambrosia 
beetles  with  respect  to  the  fungi  they  introduce. 

Another  insect  causing  considerable  damage 
to  green  hardwoods  is  the  red-shouldered  beetle, 
Xylobiops  basHaris  Say  (family  Bostrichidae) . 

It  attacks  trees  of  low  vigor,  including  dyin^; 
trees,  and  freshly  cut  and  partially  seasoned 
logs,  particularly  those  of  hickory,  pecan,  and 
persimmon.  Adults  and  larvae  excavate  nume 
rous  tunnels,  up  to  5  mm.  in  diameter,  through¬ 
out  the  wood. 

Less  common  are  long-horned  borers  (Cer- 
ambycidae)  and  flatheads  (Buprestidae)  which 
may  severely  damage  green  timber  by  cutting 
large  galleries  throughout  the  wood. 

Screening  Tests  With  Red  Gum  Bolts 

A  large  number  of  screening  tests  were  con¬ 
ducted  in  order  to  eliminate  chemicals  and 
formulations  lacking  promise  for  preventing 
beetle  attack.  Forty  formulations  were  tested 
during  the  three  summer  seasons.  Two-foot 
sections  of  small  red  gum  trees  (5  inches 
d.b.h.)  were  placed  in  groups  of  10,  12,  or  14 
samples,  each  group  containing  sections  from 
different  trees  and  from  consecutive  positions 
within  the  trees.  All  bolts  within  a  group  were 
then  treated  with  the  same  formulation.  To 
eliminate  any  variation  in  chemical  application, 
all  bolts  were  given  an  instant  dip  in  the  chem¬ 
ical,  with  the  exception  of  treatments  with  con¬ 
centrated  materials  which  were  applied  with  a 
fog  sprayer.  After  being  treated  each  group 
was  piled  in  a  location  favorable  for  beetle 
attack.  Three  to  four  months  later  all  bolts 
were  peeled  and  counts  were  made  of  beetle 
penetration  into  the  wood.  The  relative  effec- 

'  Hi'bbird,  H.  G.  The  ambrosia  beetles  of  thi 
Un'^ed  States  in:  Some  miscellaneous  results  of  the 
work  of  the  Division  of  Entomoloev.  U.  S.  Dept 
Agr.,  Div.  Ent.,  Bui.  7,  pp.  9-30.  1897. 
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tiveness  of  the  different  treatments  is  indicated 
in  Table  1. 

All  factors  considered,  the  most  satisfactory 
treatments  were  those  in  which  technical  ben¬ 
zene  hexachloride  was  used  at  the  rates  of  14 
pounds  (12  percent  gamma)  and  4.66  pounds 
(36  percent  gamma)  per  50  gallons  of  No.  2 
fuel  oil.  In  12  tests  of  these  formulations  there 
was  an  average  of  three  beetle  holes  per  square 
foot  of  surface  area  as  compared  with  23  per 
square  foot  in  untreated  bolts.  Increasing  the 
amount  of  benzene  hexachloride  from  14 
pounds  to  28  pounds  improved  the  effective¬ 
ness  very  slightly.  There  is  considerable  indi¬ 
cation  that  benzene  hexachloride  is  more  effec¬ 
tive  in  No.  2  fuel  oil  than  in  light  oils  such  as 
kerosene. 

Two  percent  of  pentachlorophenol  was  in¬ 
cluded  in  some  of  the  oil  formulations  of  ben¬ 
zene  hexachloride  and  DDT  in  order  to  test 
the  effectiveness  of  such  solutions  in  prevent¬ 


ing  infection  by  decay  and  staining  fungi.  The 
tests  showed  positively  that  these  organisms 
were  controlled  and  that  pentachlorophenol 
had  no  adverse  influence  on  the  insecticidal 
effectivness  of  benzene  hexachloride  and  DDT. 

Fog  sprays  showed  considerable  promise  in 
these  tests.  As  will  be  noted  later,  application 
of  concentrated  insecticides  in  this  manner  is 
often  a  very  practical  method.  Tests  this  season 
were  the  first  conducted  and  were  largely  ex¬ 
ploratory.  All  applications  were  made  with  a 
Banta-Driscoll  fog  sprayer — a  light,  back- 
packed,  precision-tooled  instrument  provided 
through  the  courtesy  of  the  Banta-Driscoll 
Corporation.  The  success  of  this  method  calls 
for  future  testing  of  the  fog  machine  as  well 
as  larger  types  of  mist  blowers  now  in  pro¬ 
duction. 

Emulsions,  while  not  so  effective  as  oil  solu¬ 
tions,  show  some  promise  and  deserve  further 
study,  particularly  in  view  of  their  low  cost. 


Table  1. — Effectiveness  of  Various  Dip  and  Sfray  Treatments  in  Preventing  Ambrosia  Beetle 

Attack  on  Red  Gum  Bolts 


Treatment 


Oil  solutiona — dips 

Benzene  hexachloride  (12  percent  camma): 

In  No.  2  fuel  oU... _ 

In  keroaene _ 

Benzene  hexachloride  (86  percent  iiamma)  in  No.  2  fuel  oil _ 

Benzene  hexachloride  (proprietary): 

Penco  EJ-11  in  No.  2  fuel  oil* _ 

Ambrocide  (ready-to-uae)* _ 

Ambrocide  (1:19)  in  No.  2  fuel  oil* _ 

Benzene  hexachloride  (12  percent  gamma)-!- DDT  in  No.  2  fuel  oil _ 

DDT  in  No.  2  fuel  oU . . . . . 

DDT  in  keroaene _ 

DDT  in  benzene _ 

Chlordane  (20  percent)  in  No.  2  fuel  oil _ 

Methoxychlor  in  No.  2  fuel  oil _ 

Toxaphene  in  No.  2  fuel  oil _ 

Monochloronaphthalene  in  keroaene _ 

Dichlorodiphenyl  oxide  in  keroaene _ 

Piperonyl  butoxide  in  No.  2  fuel  oil* _ 

Piperonyl  cydonene  in  No.  2  fuel  oil* _ 

.  Emtilaiona — dipa 

Benzene  hexachloride  (86  percent  gamma)  in  benzene-HTriton  X-100. 
Benzene  hexachloride  (proprietary) : 

Penco  E-ll . . . 

Ambrocide  (1:19) _ 

DDT  in  benzene-!- Triton  X-100 _ 

DDT  in  benzene-l-glyceryl  oleate _ 

Piperonyl  butoxide* _ 

Piperonyl  cydonene* _ 


Suapenaiona — dipa 

Benzene  hexachloride  (6  percent  gamma)  (60  percent  wettable) 

Fog  applicationa 

Benzene  hexachloride  (86  percent  gamma): 

In  benzene _ 

In  benxene-l-fud  oil  (1:1) _ 

In  cydohexanone _ 

In  cydohexanone-!-fud  oil  (1:1) _ 


Controla — dipa 

No.  2  fud  oil,  keroaene,  bmizene-!- Triton  X-100,  untreated. 


Lb.  (or  gal.)  of 
inaectidde  per  50 

Percent 

gal.  of  carrier 

control 

14.  28 

80-100 

14.  28 

60-  80 

4.66 

80-100 

1.75  gal. 

60-  80 

Undiluted 

60-  80 

2.68  gal. 

60-  80 

7. 0-1-8. 4 

40-  60 

16.7,  88.4 

40-  80 

16.7,  88.4 

0-  20 

88.4 

0-  20 

1.25,2.5,  5  gal. 

0-  20 

88.4 

0-  20 

83.4 

0-  20 

5.5  gal. 

0-  20 

16.7  gal. 

0-  20 

5.5  gal. 

0-  20 

5.5  gal. 

0-  20 

4.66 

60-  80 

1.76  gal. 

60-  80 

2.63  gal. 

80-100 

33.4 

40-  60 

33.4 

40-  60 

5.5  gal. 

0-  20 

5.5  gal. 

0-  20 

28.0 

40-  60 

186.5 

60-  80 

93.2 

80-100 

280.0 

80-100 

140.0 

80-100 

0-  20 

I  Emulaifiable  aolution  containing  11  percent  of  gamma  iaomer.  Provided  bv  the  Peniuylvania  Salt  Manufacturing  Company 
*Ambrodde  (ready-to-uae)  containa  0.485  percent  of  gamma  iaomer;  Ambrocide  (1:19)  containa  8.28  percent  of  gamma  iaomer 
*Oil  concentratea  containing  in  addition  a  quantity  of  rotenone.  Provided  hy  Induatrial  Chemicala  Corporation. 
*Emulaion  concentratea  (aa  in  8). 
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All  formulations  of  benzene  hexachloride 
chat  gave  considerable  protection  from  am¬ 
brosia  beetle  attack  were  completely  effective 
against  other  wood-boring  insects. 

Tests  With  Sawlogs 

In  view  of  the  promising  results  obtained 
with  benzene  hexachloride  in  screening  studies, 
tests  were  begun  in  1947  to  evaluate  its  per¬ 
formance  when  applied  by  conventional  spray¬ 
ing  methods  under  conditions  encountered  at 
mill  banking  yards.  In  early  tests  benzene  hexa¬ 
chloride  (12  percent  gamma)  was  applied  with 
a  common  hydraulic  power  sprayer  operating 
at  about  400  pounds’  pressure  and  a  delivery 
rate  of  4  gallons  per  minute.  The  sprayer  was 
equipped  with  a  non-ad justable  gun  which  de¬ 
livered  a  coarse  spray.  In  one  series  of  tests  15 
to  20  red  gum  logs  were  sprayed  individually 
at  the  rate  of  1  gallon  of  solution  per  100 
square  feet  of  bark  area,  and  then  de^ed.  In 
another  series  entire  decks  were  sprayed  as  the 
logs  were  dropped  from  trucks.  After  3  to  4 
months’  exposure  ambrosia  beetle  entrance 
holes  were  counted.  One-third  of  the  logs  were 
sampled,  the  counts  being  obtained  from  one- 
foot  sections  taken  at  three  points  in  each  log. 
Data  showed  that  good  protection  of  logs  was 
possible  only  when  each  log  was  sprayed  indi¬ 
vidually. 

In  1948  efforts  were  made  to  improve  meth¬ 
ods  of  application  in  order  that  effective  pro¬ 
tection  might  be  attained  when  entire  log  dedcs 
were  sprayed.  A  small  hydraulic  sprayer  was 
used  which  operated  at  about  200  pounds’ 
pressure  and  a  delivery  rate  of  2  gallons  per 
minute.  Two  types  of  nozzle  apparatus  were 
employed:  (1)  A  spray  gun  which  allowed 
adjustment  of  the  spray  from  a  wide  cone- 
shape  pattern,  used  in  treating  easily  accessible 
areas  of  the  decks,  to  a  long,  narrow  cone  pat¬ 
tern,  used  in  reaching  less  accessible  areas;  (2) 
a  spray  gun  which  delivered  a  fixed,  large  cone 
spray  pattern,  an  extension  rod  being  attached 
to  enable  the  operator  to  reach  areas  not  easily 
accessible. 

Hydraulic  sprayers  were  employed  in  spray¬ 
ing  individual  logs  and  entire  decks  by  the  pro¬ 
cedure  outlined  above  at  14  pounds  of  benzene 
hexachloride  (12  percent  ganuna)  per  50  gal¬ 
lons.  In  addition  a  concentrated  spray  of  ben¬ 
zene  hexachloride  was  applied  by  means  of  the 


Banta-Driscoll  fog  sprayer  to  entire  decks.  'The 
concentrate,  186.5  pounds  of  36  percent 
gamma  per  50  gallons,  was  applied  at  the  rate 
of  about  1  quart  per  800  square  feet  of  bark 
area. 

When  individual  logs  were  sprayed,  am¬ 
brosia  beetle  attack  was  very  light.  When  log 
(tecks  were  sprayed  with  the  hydraulic  sprayers 
it  was  light  to  very  light,  and  with  the  fog 
sprayer  medium  to  very  light.  These  results  in¬ 
dicate  that  satisfactory  protection  of  logs  by 
spraying  entire  decks  is  possible  if  proper 
apparatus  is  employed.  'The  apparatus  capable 
of  producing  a  fine-droplet  spray  is  preferable; 
otherwise  an  extension  rod  must  be  used  to 
reach  poorly  accessible  areas  of  the  deck.  The 
fog  spray  was  very  effective  in  some  tests,  less 
so  in  others.  It  appears  very  promising,  but  the 
erratic  results  obtained  demand  further  inves¬ 
tigation. 

Other  wood-boring  insects  were  almost  com¬ 
pletely  controlled  by  the  sprays  tested. 

Tests  With  Felled  Trees 

Red  gum  trees  of  sawlog  size  were  used  to 
determine  further  the  value  of  protective  sprays 
in  preventing  ambrosia  beetle  attack.  'The  tests 
were  more  severe  than  the  previous  tests  in  that 
generally  the  tree  remained  susceptible  to 
attack  over  a  longer  period  of  time  and  usually 
in  situations  where  beetle  populations  were 
heavy.  'Ihe  trees  were  felled,  trimmed,  and 
marked  off  into  4-foot  emits  separated  by  one- 
foot  buffer  zones.  Each  chemical  formulation 
was  sprayed  on  a  4-foot  unit  in  different  trees 
and  in  clifferent  positions  in  the  tree.  After  3 
to  4  months’  exposure,  beetle-entrance  holes 
were  counted  in  1-foot  sections  of  each  sprayed 
unit  to  determine  the  effect  of  the  insecticide. 
Twenty-seven  trees  were  used  in  five  series  of 
tests. 

Detailed  results  of  the  tests  are  not  being 
presented,  since  the  treatment  values  are  very 
similar  to  those  obtained  in  tests  already  de¬ 
scribed.  ’The  12 -percent-gamma  grade  of  ben¬ 
zene  hexachloride  was  applied  with  a  conven¬ 
tional  sprayer  at  concentrations  of  3.5,  7,  14, 
and  28  pounds  per  50  gallons  of  No.  2  fuel 
oil.  "nie  36-percent-gamma  product  was  applied 
similarly  at  a  concentration  of  4.66  pounds  in 
oil  and  in  emulsion,  and  in  addition  was 
applied  with  the  fog  sprayer  at  186.5  pounds 
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in  benzene  and  280  pounds  in  cyclohexanone 
per  50  gallons  of  these  carriers.  DDT  was 
applied  in  fuel  oil  at  16.7  and  33.4  pounds  per 
50  gallons.  Dichlorodiphenyl  oxide  was  applied 
at  l6.7  pounds  in  kerosene.  Two  percent  of 
pentachlorophenol  was  added  to  some  of  the 
benzen?  hexachloride  and  DDT  formulations. 

The  l4-pound  concentration  of  12-percent- 
gamma  benzene  hexachloride  appeared  most 
promising  from  the  standpoint  of  practical 
application.  DDT  and  dichlorodiphenyl  oxide 
were  completely  unsatisfactory. 

Protection  of  Green  Lumber 

The  protection  of  green  lumber  against  am¬ 
brosia  beetle  attack  is  not  so  serious  a  problem 
as  that  of  logs.  If  proper  handling  methods  are 
utilized  and  the  moisture  content  of  the  lumber 
is  reduced  below  50  percent,  there  is  no  danger 
of  attack.  However,  during  prolonged  spells  of 
damp  weather  the  wood  dries  slowly  and  re¬ 
mains  susceptible  to  beetle  attack. 

A  number  of  formulations,  particularly  of 
benzene  hexachloride  and  DDT,  were  eflFective 
in  protecting  lumber  for  about  3  months 
whether  applied  by  dipping,  a  conventional 
sprayer,  or  a  fog  sprayer.  Concentrations  less 
than  half  of  those  used  in  log  protection  were 
found  to  be  quite  adequate.  However,  the  treat¬ 
ment  which  allows  the  greatest  safety  margin 
and  appears  to  be  most  practical  is  a  dip  or 
thorough  spray  application  of  benzene  hexa¬ 
chloride  emulsion  at  a  concentration  of  2.33 
pounds  of  36-percent-gamma  material  in  50 
gallons.  Under  most  conditions  it  is  desirable 
to  use  a  stain  preventive  with  the  insecticide. 
The  common  stain  preventives  on  the  market 
today  were  used  in  combination  with  emulsions 
and  suspensions  of  benzene  hexachloride  and 
DDT  and  found  entirely  compatible  with  re¬ 
spect  to  prevention  of  insect  and  stain  damage; 
concentrations  were  those  recommended  by  the 
manufacturer.  The  stain  preventives  tested  were 
Lignasan,  Dowicide  G,  and  Permatox  10-S.  A 
small-scale  test  conducted  in  cooperation  with 
the  Bureau  of  Plant  Industry,  Soils,  and  Agri¬ 
cultural  Engineering®  further  substantiated  the 
compatibility  of  insecticides  with  these  stain 
preventives. 

*Vefrall,  A.  F.  Unpublished  report. 


Screening  Tests 

Screening  tests  were  conducted  in  whidi 
groups  of  5  to  10  samples  of  freshly  cut  red 
gum  2  by  4  by  18  inches  and  1  by  4  by  18 
indies  were  given  an  instant  dip  in  different 
insecticide  formulations.  Entrance  holes  were 
counted  in  all  samples  after  an  exposure  of  3 
to  4  months.  No  attempt  will  be  made  to  pre¬ 
sent  the  numerous  formulations  and  detailed 
data  obtained  in  connection  with  these  studies. 
Some  general  observations  are  given  below. 

1.  Oil  solutions  of  benzene  hexachloride  (12 
percent  gamma)  in  four  concentrations 
ranging  from  3.5  to  28  pounds  per  50  gal¬ 
lons  of  No.  2  fuel  oil  or  kerosene  were 
very  effective. 

2.  Emulsions  of  benzene  hexachloride  (36 
percent  gamma)  in  four  concentrations 
ranging  from  0.58  to  2.33  pounds  per  50 
gallons  were  effective  at  the  highest  con¬ 
centrations. 

3.  Proprietary  emulsions  of  benzene  hexa¬ 
chloride,  Ambrocide  (1:19)  and  Penco 
E-11,  were  most  satisfactory  when  used  at 
high  concentrations  of  2.63  and  1.75  gal¬ 
lons,  respectively,  per  50  gallons. 

4.  Suspensions  of  benzene  hexachloride,  50- 
percent  wettable  (6  percent  gamma),  used 
in  five  concentrations  from  3.5  to  55.8 
pounds  per  50  gallons  of  water,  were  most 
consistently  effective  at  28  and  55.8  pounds. 

5.  Solutions  of  DDT  in  No.  2  fuel  oil,  kero¬ 
sene,  and  benzene  were  very  effective  when 
used  at  concentrations  of  16.7  and  33.4 
pounds  per  50  gallons. 

6.  Emulsions  of  DDT  in  concentrations  of 
4.2,  8.4,  and  33.4  pounds  per  50  gallons 
gave  good  control  only  in  the  highest  con¬ 
centration. 

7.  Suspensions  of  DDT  (50  percent  wettable) 
in  four  concentrations  from  8.4  to  66.8 
pounds  per  50  gallons  of  water  were  effec¬ 
tive  at  the  highest  concentration. 

8.  Dichlorodiphenyl  oxide,  25  percent  in 
kerosene,  was  effective. 

9.  Piperonyl  butoxide  and  piperonyl  cyclon- 
ene  in  emulsion  gave  fair  results. 

10.  Monochloronaphthalene  in  kerosene  and 
ammonium  fluoborate  in  water  were  com¬ 
pletely  ineffective. 
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11.  A  suspension  of  methoxydilor  (50  percent 
wettable)  was  ineffective  at  66.8  pounds 
per  50  gallons  of  water. 

12.  DDT-colloidal  (40  percent)  was  ineflFec- 
tive  at  1.25  gallons  per  50  gallons  of 
water. 

Large-Scale  Tests 

Large-scale  tests  were  undertaken  in  1948  to 
determine  the  value  of  treatments  in  prevent¬ 
ing  ambrosia  beetle  attack  on  full-dimension 
lumber  under  conditions  of  severe  exposure.  In 
one  test  l6-foot  boards  were  sprayed  individ¬ 
ually  (simulating  dip  treatment  as  closely  as 
possible)  with  emulsions  of  1.16  and  2.33 
pounds  of  benzene  hexachloride  (36  percent 
gamma)  per  50  gallons.  Boards  were  then 
stacked  in  piles  3  by  6  by  16  feet  in  heavy 
shade  where  beetle  activity  would  be  great. 
These  emulsions  were  also  sprayed  on  similar 
stacks  already  erected,  with  a  power  sprayer 
and  spray  gun  capable  of  producing  variable 
spray  patterns.  The  rate  of  application  was 
about  18  gallons  per  M  board  feet.  To  another 
stack  a  concentrate  containing  186.5  pounds  of 
benzene  hexachloride  (36  percent  gamma)  per 
50  gallons  of  benzene  was  applied  as  a  fog 
spray  at  the  rate  of  3  pints  per  M  board  feet. 
A  stack  of  unsprayed  lumber  served  as  a  con¬ 
trol.  After  3  months’  exposure  beetle  holes 
were  counted  in  two  1-foot  strips  across  each 
layer  of  lumber. 

Almost  complete  control  of  ambrosia  beetles 
was  obtained  from  all  treatments.  The  results 
indicate  that  eflFective  protection  is  possible 
with  emulsions  applied  either  by  dipping  lum¬ 
ber  in  vats  as  it  comes  off  the  saw  or  by  spray¬ 
ing  entire  stacks.  Spraying  has  a  particular  ad¬ 
vantage  in  that  treatment  may  be  applied  at 
first  evidence  of  beetle  activity  and  the  expense 
of  treating  all  lumber  regardless  of  the  pres¬ 
ence  of  beetle  populations  thus  eliminated. 
However,  the  method  does  require  checking  of 
lumber  stacks  and  spray  application  must  be 
made  carefully  and  thoroughly.  Fogs  or  mists 
of  insecticide  concentrates  offer  an  especially 
promising  method  of  control.  The  cost  of  the 
chemical  per  M  board  feet  does  not  exceed  that 
of  emulsions,  and  labor  costs  are  reduced  con¬ 
siderably  owing  to  the  speed  of  application. 
However,  the  method  has  not  yet  received  the 
intensive  testing  given  emulsion  treatments. 


Recommendations  for  Preventing  Insect 
Damage  to  Hardwood  Logs  and  Lumber 

Treatment  of  Logs 

Best  results  in  treating  hardwood  logs  can  be 
obtained  with  an  oil  solution  of  benzene  hexa¬ 
chloride,  which  costs  approximately  23  cents 
per  gallon.  The  solution  is  prepared  sirriply  by 
dissolving  the  required  amount  of  the  chemical 
in  No. -2  fuel  oil.  Since  manufacturers  produce 
technical  benzene  hexachloride  containing  dif¬ 
ferent  percentages  of  the  toxic  gamma  isomer, 
the  quantity  of  chemical  necessary  to  prepare 
an  effective  concentration  varies.  The  following 
information  will  be  useful  in  prepartion  of  the 


insecticide; 

Pounds  of 

Percent 

chemical  per 

of  gamma 

50  gallons 

isomer 

of  oil 

10 -  - 

_  17 

12  _ 

_  14 

36 - 

_  4.66 

The  solution  should  be  agitated  thoroughly. 
The  action  may  be  speeded  up  by  allowing  the 
heat  of  the  sun  to  raise  the  temperature  of  the 
oil.  A  small  amount  of  residue,  consisting  of 
impurities,  will  settle  out  in  the  mixing  con¬ 
tainer. 

Pentachlorophenol  should  be  added  to  the 
solution  if  sap  stain  is  to  be  prevented.  A  two 
percent  concentration  has  been  found  effective 
for  this  purpose.  Prepared  concentrates  are 
more  easily  handled  than  the  crystalline  form 
of  pentachlorophenol. 

Emulsions,  though  somewhat  less  effective 
than  oil  solutions,  may  be  used  to  advantage  in 
certain  situations,  particularly  when  beetle 
attack  is  not  unusually  severe  or  protection  for 
less  than  2  months  is  necessary.  Home-made 
emulsions  of  the  required  concentration  cost 
about  14  cents  per  gallon.  Such  an  emulsion 
may  be  prepared  by  completely  dissolving  7.5 
pounds  of  benzene  hexachloride  (36  percent 
gamma)  in  2  gallons  of  benzene.  Add  1.5  gal¬ 
lon  of  this  stock  solution  to  45  gallons  of 
water,  follow  with  1  pint  of  Triton  X-100  or 
other  suitable  emulsifier,  and  agitate.  There  are 
a  number  of  emulsion  concentrates  on  the  mar¬ 
ket  which  in  certain  situations  may  be  more  de¬ 
sirable,  but  they  are  more  expensive.  A  water- 
soluble  stain  preventive  should  be  added  to  the 
treating  solution.  Any  of  the  common  mate- 
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rials,  such  as  Santobrite,  Dowicide  G,  Permatox 
iO-S,  or  Lignasan,  may  be  used.  The  manufac- 
•  urers’  suggested  concentrations  for  lumber 
treatment  should  be  tripled.^ 

Logs  should  be  sprayed  as  soon  as  possible 
ifter  being  bucked,  preferably  within  48  hours. 
Sap-stain  fungi  become  established  and  develop 
rapidly,  although  insect  attack  may  not  begin 
before  7  to  10  days.  Sprays  must  be  applied 
urefully  and  thoroughly,  if  the  treatment  is  to 
be  eflFective.  A  12-inch  log  16  feet  long  ,  re¬ 
quires  about  Vi  gallon  of  insecticide,  a  24-inch 
log  of  the  same  length  about  1  gallon,  and  a 
48-inch  log  about  2  gallons. 

The  cost  of  the  treatment  varies  with  the 
diameter  of  the  logs.  For  oil  solutions  the  cost 
per  M  board  feet  by  the  International  Log 
Scale  ranges  from  45  cents  for  logs  2.5  feet  in 
diameter  to  $1.30  for  logs  one  foot  in  diame¬ 
ter.  Treatments  with  emulsions  cost  25  cents 
and  75  cents  per  M  board  feet,  respectively. 
The  cost  of  stain  preventives  has  not  been  in¬ 
cluded  in  these  figures. 

Direct  sunlight  breaks  down  benzene  hexa- 
chloride.  Generally  ambrosia  beetles  will  not 
attack  logs  exposed  to  direct  sunlight.  How¬ 
ever,  it  is  suggested  that,  once  sprayed,  logs 
should  not  be  turned  or  moved  to  positions 
enabling  beetles  to  attack  where  the  insecticide 
has  been  dissipated.  In  the  Tropics,  where  ex¬ 
cessive  rainfall,  sunlight,  and  high  tempera¬ 
tures  probably  have  adverse  effects  on  the  in¬ 
secticide,  spraying  every  2  months  may  be 
desirable. 

Treatment  of  Lumber 

Application,  of  benzene  hexachloride  emul¬ 
sions  to  lumber  by  dipping  or  spraying  is  con¬ 
sidered  very  effective  and  economical.  Applica¬ 
tion  of  concentrated  solutions  in  fog  or  mist 
form  offers  distinct  possibilities  if  proper 
equipment  is  used. 

The  emulsion  may  be  prepared  exactly  as 
outlined  for  treatment  of  logs  except  that  half 
the  amount  of  stock  solution  should  be  added 
to  45  gallons  of  water.  If  the  material  is  to  be 
applied  as  a  spray,  a  sap-stain  preventive 
should  be  added  in  the  concentration  recom- 

’  Triple  concentrations  are  generally  effective  in 
preventing  fungus  attack  to  hardwood  logs  when 
insect  attack  is  negligible.  Stain  preventives  can  be 
used  alone  for  preventing  fungus  a^ack  during  sea¬ 
sons  when  insect  attack  is  riot  prevalent. 


mended!  by  the  manufacturer.  If  a  dip  treat¬ 
ment  is  employed,  the  insecticide  may  be 
applied  in  the  dipping  vat  along  with  stain 
preventives  in  use.  Sprays  must  be  applied  very 
thoroughly  in  order  to  contact  all  wood  sur¬ 
faces  within  lumber  stacks. 

Spraying  or  dipping  requires  about  20  gal¬ 
lons  of  emulsion  per  M  board  feet  of  1-inch 
lumber.  The  cost  of  such  a  treatment  is  about 
$1.50  per  M  board  feet. 

A  fog  or  mist  application  is  recommended 
with  some  hesitation.  While  results  of  tests 
were  very  satisfactory,  they  are  based  on  the 
study  of  one  piece  of  equipment.  It  is  conceiv¬ 
able  that  some  types  of  apparatus,  such  as  those 
depending  on  air  blast  for  mist  formation, 
might  not  be  effective.  It  is  reasonable  to  ex¬ 
pect,  however,  that  any  equipment  having  a 
delivery  rate  of  about  6  ounces  per  minute  and 
producing  a  slow-moving  fog  will  give  satis¬ 
factory  results.  If  fog  applicators  are  employed, 
the  stock  solution  of  benzene  hexachloride  (36 
percent  gamma)  in  benzene,  mentioned  for  log 
treatment,  should  be  used  without  dilution.  It 
should  be  applied  at  the  rate  of  about  3  pints 
per  M  board  feet  of  1-inch  lumber.  The  cost  of 
this  treatment  is  about  $1.50  per  M. 

Prevention  of  Lyctus  Attack 

Lumber  in  storage  frequently  becomes  in¬ 
fested  with  Lyctus  powder-post  beetles,  which 
will  attack  before  the  wood  is  thoroughly  sea¬ 
soned  and  continue  to  reinfest  it  as  long  as 
conditions  are  favorable.  This  is  true  particu¬ 
larly  of  ring-porous  woods,  such  as  hickory, 
pecan,  ash,  oak,  and  a  few  of  the  semi-ring- 
porous  species.  One  of  the  measures  commonly 
recommended  for  preventing  attack  is  a  dip 
treatment  in  a  water  suspension  containing  1 
percent  of  wettable  microfine  sulfur.  In  studies 
on  lumber  treatment  it  was  found  that  sulfur 
is  compatible  with  combinations  of  benzene 
hexachloride  or  DDT  witli  sodium  pentachlo- 
rophenate.  Thus  ii.  is  possible  in  one  operation 
to  apply  treatments  for  the  control  of  ambrosia 
beetles  and  Lyctus  powder-post  beetles  and  sap 
stain. 

Control  of  Bark  Beetles  and  Borers 
Attacking  Pine 

Losses  of  considerable  magnitude  are  caused 
by  damage  to  pine  logs  and  pulpwood  as  a 
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result  of  attacks  by  bark  beetles,  sawyers,  and 
other  wood-boring  insects.  Greatest  damage  is 
caused  by  the  sawyers  or  long-horned  borers 
{Monochamus  spp.),  which  excavate  large  gal¬ 
leries  throughout  the  wood,  often  destroying 
sawlogs  and  seriously  reducing  the  quality  of 
pulpwood  used  in  manufacture  of  paper,  wall- 
board,  and  other  cellulose  products.  Bark 
beetles,  particularly  Ips  spp.,  are  injurious 
mainly  from  the  standpoint  of  the  sap  stains 
they  introduce. 

In  1944  and  1945  preliminary  studies  were 
conducted  to  determine  the  value  of  DDT  for 
the  prevention  of  bark  beetle  and  borer  attack. 
Erratic  results  were  obtained.  In  1944  some 
control  was  obtained  with  concentrations  of 
0.5,  1,  and  2  percent  of  DDT  in  kerosene;  in 
1945  concentrations  of  4  and  8  percent  in 
diesel  oil,  kerosene,  emulsions,  and  suspen¬ 
sions,  and  10  and  50  percent  dusts  all  gave 
unsatisfactory  results.  These  inconsistencies 
were  never  completely  explained. 

In  1947  a  small-scale  test  with  DDT  and 
benzene  hexachloride  revealed  that,  while 
DDT  performed  well  at  concentrations  of  4 
and  8  percent  in  No.  2  fuel  oil,  benzene  hexa¬ 
chloride  (10  percent  gamma)  was  considerably 
more  eflFective  at  a  concentration  of  0.8  percent 
gamma  in  No.  2  fuel  oil  (34  pounds  per  50 
gallons) . 

In  the  summer  and  fall  of  1948  a  series  of 
tests  was  begun  to  evaluate  the  eflFectiveness  of 
benzene  hexachloride  in  comparison  with 
DDT,  chlordane,  and  toxaphene. 


Screening  Tests  With  2-Foot  Bolts 

Studies  were  conducted  in  the  manner  de¬ 
scribed  .under  screening  tests  with  red  gum 
bolts.  In  one  series  of  tests  groups  of  bolts 
were  treated  with  different  formulations  inune 
diately  after  cutting  as  a  preventive  treatment. 
In  another  series  bolts  were  exposed  to  insect 
attack  for  2  weeks  and  then  treated  as  in  the 
first  series  as  a  remedial  measure.  All  bolts 
were  given  instantaneous  dips  except  those  to 
which  fog  applications  were  made.  After  about 
3  months’  exfk)sure  the  bolts  were  peeled  anc 
counts  made. 

Results  of  these  tests  are  shown  in  Table  2 
All  preventive  treatments  were  largely  effective 
in  preventing  sawyer  attadc  and  in  keeping 
bark  beetle  attack  and  development  to  a  mini 
mum.  However,  chlordane  allowed  consider¬ 
able  stain  introduction  by  the  bark  beetles 
Among  the  remedial  measures,  all  treatment.s 
except  fog  applications  arrested  bark  beetle 
activity  and  gave  fair  to  very  good  control  of 
borers.  DDT,  though  applied  in  high  concen¬ 
trations,  continued  the  inconsistent  behavior 
observed  in  previous  tests.  Benzene  hexachlo¬ 
ride  in  oil  appears  to  be  the  most  practical 
treatment  when  both  effectiveness  and  cost  are 
considered. 

Spray  Treatment  of  Pulpwood 

Tests  were  conducted  to  determine  the  effec¬ 
tiveness  of  insecticides  when  applied  to  piles 
of  pine  pulpwood  with  a  garden-type  sprayer, 
(1)  at  the  time  of  cutting  and  (2)  1,  2,  and 


Table  2. — Effect  of  Preventive  and  Remedial  Treatments  in  Controlling  Sawyer  and 

Bark  Beetle  Damage 


Preventive 


Remedial 


1 

Insecticide 

Treatment 

per  60  gal. 
of  earner 

Ips 

galleries 

Sawyer 

tunnels 

Ids  exit 
noles 

Sawyer 

tunnels 

Pounds 

Number  per  square  foot 

Dipa — oil  aolutiona  in  No.  2  fuel  oU 

Benzene  hexachloride  (12  percent  gamma)... . 

7 

0.04 

0.00 

0.00 

.43 

14 

.04 

.00 

.00 

.17 

Chlordane  (20  percent) _ _ _ 

1.25  gal. 

.69 

.00 

.33 

.64 

Toxaphene _ .• _ 

DDT. . 

33.4 

.14 

.00 

.00 

.64 

21 

.00 

.00 

.00 

1.16 

Dipa — water  emulaions 

Benzene  hexachloride  (36  percent  gamma)  in 

42 

.14 

.00 

.00 

2.20 

benzene -1-Triton  X-100... . . . 

F<w  appiications 

Benzene  hexachloride  (36  percent  gamma)  in 

4.66 

.28 

.00 

1.06 

.67 

benzene _ 

186.6 

.14 

.00 

2.17 

3.00 

Controls 

6.23 

.96 

.86 

4.41 

1.00 

.00 

17.0 

3.80 

3.60 

4.29 

2  percent  p«itachlorophenol _ _ _ 

11.21 

2.96 
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3  weeks  after  cutting.  The  latter  treatment  was 
mcluded  in  view  of  the  need  for  effective 
nethods  of  controlling  severe  infestations 
vhen  it  is  impossft>le  to  apply  preventive 
Sprays. 

In  testing  preventive  sprays  entire  piles  of 
[)ulpwood  approximately  one-eighth  of  a  cord 
m  volume  were  thoroughly  sprayed  within  a 
few  hours  after  trees  had  been  felled  and 
bucked.  After  about  3  months’  exposure  one- 
third  of  the  sticks  were  peeled  and  counts 
made.  Results  are  presented  in  Table  3. 


Pentadilorophenol  was  added  to  all  DDT 
and  benzene  hexachloride  oil  formulations  in 
all  tests  with  pine  insects.  The  addition  of  a 
two-percent  concentration  of  pentachlorophe- 
nol  appeared  to  reduce  the  atta^  by  stain  and 
decay  organisms.  However,  much  more  work  is 
needed  before  a  definite  recommendation  can 
be  made  for  adding  a  fungicide  to  the  insecti¬ 
cidal  solution  for  the  treatment  of  pine  logs 
and  pulpwood.  It  appears  that  the  amount  of 
staining  varies  directly  with  the  severity  of  bark 
beetle  and  borer  attack. 


Table  3. — Results  of  Spraying  Pine  Pulpwood  to  Prevent  Attack  by  Bark  Beetles  and  Borers 

Pounds  of  Ipa 

insecticide  per  60  -  Sawyer 

Treatment  I  gal.  of  fuel  oil  Galleries  Exit  holes  tunnels  Stain 


Number  per  square  foot 


Benzene  hexmchloride  (12  percent  gamma) _ 

7 

0.00 

0.00 

0.00 

14 

.42 

.18 

.06 

DDT . . 

21 

2.82' 

7.61 

1.68 

42 

.56 

2.90 

.18 

Untreated _ 

-- 

4.82 

24.64 

6.00 

■1  percent  of  pentachlorophenol  added  in  first  treatment;  2  percent  in  all  others. 


Very  light 

Light 

Heavy 

Light 

Heavy 


The  information  in  the  table  is  rather  dear 
cut  except  for  the  unusual  difference  in  the 
benzene  hexachloride  treatments,  which  may  be 
attributed  to  the  expected  lack  of  uniformity  of 
distribution  when  a  gardlen  sprayer  is  used  for 
spraying  an  irregular  unit  such  as  a  pulpwood 
pile. 

The  test  of  remedial  measures,  which  in¬ 
cluded  treatments  listed  in  Table  3  and  also 
orthodichlorobenzene  in  No.  2  fuel  oil  (1:4), 
was  considered  unsatisfactory.  Generally  the 
benzene  hexachloride  and  DDT  treatments 
were  effective  and  compared  favorably  with 
orthodichlorobenzene,  which  has  for  some  time 
been  a  stand'ard  control  measure.  However,  a 
great  deal  of  variation  prevailed  within  treat¬ 
ments  and  little  difference  between  treatments. 
It  is  believed  that  considerable  study  must  be 
given  to  spray  apparatus  for  controlling  exist¬ 
ing  infestations  in  pulpwood  piles. 

These  studies  point  out  rather  clearly  the 
value  of  benzene  hexachloride  in  preventing 
infestation  of  pine  by  bark  beetles  and  wood 
borers.  'The  preferred  treatment  appears  to  be 
14  pounds  of  benzene  hexachloride  (12  per¬ 
cent  gamma)  in  50  gallons  of  No.  2  fuel  oil. 
A  cord  of  pulpwood  may  be  sprayed  with  this 
solution  at  a  cost  of  about  85  cents.  About  2.5 
gallons  of  solution  are  required  per  cord. 


Precautions  for  Handling  Chemicals 

Most  insecticides  are  potentially  toxic  to  man 
and  animals  and  should  therefore  be  handled 
with  care.  Benzene  hexachloride  is  absorbed 
through  the  skin  when  it  is  contained  in  oil  or 
other  solvents.  Pentachlorophenol  solutions  are 
irritating  to  the  skin.  Therefore,  efforts  should 
be  made  to  avoid  excessive  bodily  contact  with 
these  materiab  by  wearing  adequate  clothing. 
When ,  Contact  is  unavoidable,  adverse  effects 
may  be  prevented  by  thorough  washing  with 
soap  and  water.  Benzene  is  very  inflammable, 
as  well  as  highly  irritating,  and  should  there¬ 
fore  be  used  with  great  care. 

Sources  of  Supply 

The  following  companies  manufacture  or 
distribute  benzene  hexachloride: 

South  Atlantic  Chemical  Co.,  Charleston, 
S.  C. 

Tliompson-Hayward  Chemical  Co.,  3111 
Lowerline  St.,  New  Orleans,  La. 

A.  D.  Chapman  Chemical  Co.,  707  Dermon 
Building,  Memphis  3,  Tenn. 

Westvaco  Chlorine  Products  Corp.,  405  Lex¬ 
ington  Ave.,  New  York  17,  N.  Y. 
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California  Spray-Chemical  Corp.,  Richmond, 
Calif. 

Dow  Chemical  Co.,  Midland,  Mich. 

Pennsylvania  Salt  Mfg.  Co.,  1000  Widener 
Building,  Philadelphia,  Pa. 

E.  I.  duPont  de  Nemours  and  Co.,  Wilming¬ 
ton  98,  Del. 

Commercial  Solvents  Corp.,  17  E.  42nd  St., 
New  York  17,  N.  Y. 

Niagara  Sprayer  and  Chemical  Division, 
Food  Machinery  Corp.,  Middleport,  N.  Y. 

The  following  companies  handle  pentachlo- 
rophenol: 

Dow  Chemical  Co.,  Midland,  Mich. 

A.  D.  Chapman  Chemical  Co.,  707  Dermon 
Building,  Memphis  3,  Tenn.  ^ 

Monsanto  Chemical  Co.,  1700  S.  Second  St., 
St.  Louis,  Mo. 

No  attempt  has  been  made  to  make  the  list 
complete.  No  discrimination  is  intended  or  im¬ 
plied  against  firms  whose  products  have  not 
been  mentioned;  nor  is  the  list  an  endorsement 
of  quality  or  price. 

Discussion 

Robert  L.  Krause  (E.  I.  DuPont  de  Nemours 
and  Co.) :  Dr.  Kowal  and  his  coworkers  are 
to  be  complimented  on  their  discovery  of  a 
chemical  treatment  which  will  effectively  con¬ 
trol  wood  boring  insects  which  cause  serious 
degrade  on  both  logs  and  lumber.  The  treat¬ 
ment  is  not  only  effective,  but  Kowal’ s  work 
shows  that  the  treatment  can  be  applied  simply 
and  that  it  should  provide  important  savings. 
Reduction  in  losses  due  to  degrade  from  beetle 
attack  will  help  conserve  our  timber  supply  be¬ 
cause  it  will  permit  the  lumberman  to  produce 
a  greater  amount  of  high  grade  lumber  from  a 
smaller  cut.  This  will  also  result  in  direct  sav¬ 
ings  in  operational  costs. 

Successful  control  of  beetles  on  stored  logs 
should  also  permit  the  operator  to  start  bank¬ 
ing  logs  earlier.  This  is  important  in  many 
areas  where  a  log  supply  must  be  built  up  to 
carry  over  the  winter  season.  Very  often  the 
operator  delays  his  banking  in  order  to  avoid 
severe  losses  from  beetle  attack  and  he  may 
have  to  continue  his  logging  operations  under 


adverse  weather  conditions  which  result  in  ex¬ 
cessive  damage  to  his  roads  and  equipment. 

,I  would  like  to  ask  a  few  questions  regarding 
the  eflFectiveness  of  benzene  hexachloride: 

(1)  Have  you  been  able  to  determine  how 
long  a  single  spray  application  on  logs 
will  remain  eflFective? 

(2)  Is  there  evidence  that  benzene  hexa¬ 
chloride  may  not  be  effective  against 
some  of  the  more  important  wood  bor 
ing  insects? 

(3)  Has  anyone  determined  whether  ben 
zene  hexachloride  is  effective  againsi 
Lyctus  beetles? 

Dr.  Kowal:  Our  tests  show  definitely  tha: 
one  application  of  benzene  hexachloride  in  ; 
concentration  of  0.5  percent  gamma  in  fuel  oil 
No.  2  will  protect  logs  for  a  period  of  three  h 
four  months.  I  would  like  to  emphasize  th. 
fact  that  all  of  our  tests  were  conducted  under 
particularly  severe  exposures.  Therefore,  if  log'^ 
are  stored  during  periods  when  or  in  areas 
where  beetle  populations  are  low,  the  periou 
of  protection  will  probably  extend  well  beyond 
four  months. 

Our  tests  indicate  that  the  formulation  just 
mentioned  is  effective  against  all  of  the  impor¬ 
tant  wood  boring  insects  which  attack  green 
logs  and  lumber.  While  our  studies  with  hard¬ 
woods  were  concerned  largely  with  ambrosia 
beetles  in  gum,  it  was  observed  that  logs  of 
pecan,  ash,  hackberry,  oak  and  other  species 
within  our  tests  as  well  as  those  sprayed  by 
timber  operators  were  free  of  attack  by  the 
numerous  cerambycid  and  buprestid  borers 
(round-headed  and  flat-headed  borers)  found 
in  untreated  logs. 

Preliminary  results  indicate  that  benzene 
hexachloride  has  some  value  in  controlling 
Lyctus.  It  is  much  too  early  to  make  any  con¬ 
clusions  in  this  regard  or  to  make  any  com¬ 
parisons  with  other  new  insecticides  being 
tested  or  with  chemicals  now  being  used  com¬ 
mercially.  My  own  opinion  is  that  benzene 
hexachloride,  used  alone,  will  not  exhibit  any 
outstanding  qualities.  Its  greatest  value  will 
probably  be  in  the  protection  of  green  lumber 
from  Lyctus  attack. 

I  cannot  over-emphasize  the  importance  of 
thorough  spraying  of  logs  and  lumber  in  order 
to  control  borer  attack  successfully.  Numerous 
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failures  have  been  observed  at  mills  where  ap¬ 
plications  of  insecticides  were  made  carelessly 
or  with  a  tendency  to  cut  comers.  Unless  the 
recommended  concentration  and  dosage  is  ap¬ 
plied,  and  applied  properly,  the  entire  opera¬ 
tion  will  be  a  waste  of  money  and  effort.  Dos¬ 
ages  and  concentrations  carry  a  safety  margin, 
but  this  must  necessarily  be  narrow  to  keep 
down  the  cost  of  treatment. 

Ira  Hatfield  (Monsanto  Chemical  Com¬ 
pany)  :  Dr.  Kowal  reports  that  the  number  of 
requests  coming  into  his  office  for  information 
on  beetle  control  has  increased  in  the  past  few 
years.  This  increased  interest  has  also  been 
noted  by  chemical  manufacturers  and  research 
workers.  This  is  to  be  expected  since  log  and 
lumber  prices  have  increased  and  these  in¬ 
creased  costs  make  attention  to  protection  of 
logs  and  lumber  from  insect  attacks  more  and 
more  important. 

Two  questions  came  to  my  mind  as  I  read 
the  manuscript.  Benzene  hexachloride  seemed 
to  be  the.  most  effective  insecticide  tested.  Have 
you  any  indication  as  to  how  this  product 
would  be  accepted  by  woodsmen  and  sawmill 
hands?  Also,  have  lumber  producers  indicated 
any  concern  relative  to  acceptance  of  sprayed 
wood  by  the  lumber  buyers? 

I  think  this  paper  is  a  distinct  contribution 
to  the  research  worker’s  attempts  to  solve  a 
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serious  insect  problem  in  the  woods  and  drying 
yards. 

Dr.  Kowal:  The  timber  operators  with  whom 
we  have  carried  on  cooperative  tests  have  been 
very  enthusiastic  in  their  adoption  of  the  con¬ 
trol  measures  we  have  developed.  They  have 
been  in  a  position  to  observe  the  effectiveness 
of  the  insecticide  applications  and  the  benefits 
to  be  derived.  Many  other  timber  operators 
are  applying  these  control  measures  as  a  result 
of  recommendations  made  through  correspond¬ 
ence  or  other  direct  or  indirect  communication 
with  our  laboratory. 

There  have  been  no  objections  raised  in  so  far 
as  health  hazards  of  the  chemical  are  concerned. 
The  precautions  required  in  the  use  of  any  toxic 
have  been  emphasized  to  mill  hands  and  ac¬ 
cepted  by  them.  'The  oil  and  emulsion  formula¬ 
tions  are  not  particularly  objectionable  or  irri¬ 
tating  except  when  pentachlorophenol  is  added. 

We  have  heard  no  expression  of  concern  re¬ 
garding  acceptance  of  treated  wood  by  lumber 
buyers.  It  is  conceivable  that  this  point  might 
arise.  However,  there  is  no  cause  for  concern 
for  two  reasons:  (1)  the  initial  amount  of 
benzene  hexachloride  on  treated  lumber  is 
hardly  sufficient  to  be  hazardous  to  man;  and 
(2)  the  insecticide  would  be  largely  dissipated 
by  the  end  of  six  months. 
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Control  of  Stain,  Mold,  and  Decay  in  Green  Lumber 
and  Other  Wood  Products 

A.  F.  VerralP 
Pathologist 
T.  C.  Scheffer* 

Pathologist 

Division  of  Forest  Pathology,  Bureau  of  Plant  Industry,  Soils,  and  Agricultural  Engineering, 
Agricultural  Research  Administration,  United  States  Department  of  Agriculture 

Thi*  paper  summarizes  recommended  seasoning  practices  and  chemical  treatments  tot  the  dipping  or  sur¬ 
face  treatment  of  lumber  and  other  wood  products  to  prevent  mold,  stain,  and  decay  damage  during  seasoning 
and  storage.  Chemical  dip  treatments  basM  on  chlorinated  phenols  and  organic  mercurials  alone  os  in  mix¬ 
tures  and  in  combination  with  such  compounds  as  borax  anid  soda  have  bMn  successfully  used  for  this  pur¬ 
pose.  Dip  treatment  of  lumber  when  combined  with  recommended  handling  practices  for  logs  andi  lumber 
can  result  in  almost  complete  elimination  of  losses  due  to  fungi  during  air  seasoning  and  a  great  improve¬ 
ment  in  lumber  quality. 


Introduction 

FFECnVE  and  economical  methods  have 
been  devised  for  controlling  stain,  mold, 
and  decay  damage  to  forest  products  dur¬ 
ing  air  seasoning.  These  methods  were  gen¬ 
erally  practiced  by  the  lumber  industry  prior  to 
the  last  war.  Many  mills  continued  adequate 
control  measures  throughout  the  war  and  many 
others  have  since  reinstated  them.  Neverthe¬ 
less,  an  unnecessarily  large  amount  of  lumber 
on  the  general  market  is  still  infected  with 
stain,  mold,  and  decay.  Stain  and  mold  are 
not  particularly  harmful  except  for  special  uses 
where  appearance  or  strength  is  important. 
What  may  not  be  generally  recognized  is  that 
decay  fungi  thrive  under  the  same  conditions 
as  do  mold  and  stain  fungi.  Consequently,  _ 
moderate  to  heavy  stain  is  good  grounds  for 
suspecting  the  presence  of  decay.  Even  though 
the  decay  may  not  have  progressed  to  a  point 
where  it  is  recognizable,  the  wood  may  be  seri¬ 
ously  weakened.  Moreover,  many  decay  fungi 
may  remain  dormant  in  dry  wood  for  long 
periods  and  resume  their  destructive  actjon  if 
the  wood  again  becomes  wet. 

If  wood  is  to  maintain  its  rightful  place, 
more  attention  must  be  paid  to  the  control  of 

^In  cooperation  with  the  Southern  Forest  Experi¬ 
ment  Station. 

*  In  cooperation  with  the  Forest  Products  Labora¬ 
tory,  maintained  by  the  Forest  Service,  U.  S.  Depart¬ 
ment  of  Agricultme,  at  Madison,  Wis.,  in  coopera¬ 
tion  with  the  University  of  Wisconsin. 


fungi.  Control  must  start  with  the  proper 
handling  of  logs  and  be  carried  on  through 
the  milling  and  seasoning  processes. 

Control  of  Stain  and  Decay  in ’Logs 

Logs,  particularly  hardwood  logs,  that  are 
not  immediately  converted  into  lumber  or 
other  products  are  at  times  subject  to  serious 
degrade  from  the  attacks  of  stain  and  decay 
fungi  (Fig.  1).  Damage  is  most  rapid  in  logs 
cut  between  June  and  October,  when  the  fungi 
are  most  active  and  ambrosia  pin-hole  beetles 
and  bark  beetles  are  most  active.  These  beetles 
contribute  to  the  fungus  damage  by  carrying 
the  spores  through  the  bark  and  into  the  sides 
of  the  logs. 

Where  winters  are  relatively  cold,  attack  by 
fungi  is  slowed  down  to  negligible  amounts  in 
logs  cut  and  stored  between  October  and  the 
following  spring.  In  the  Gulf  States,  however, 
stain  and  decay  are  not  stopped  completely  dur¬ 
ing  this  period  and  some  loss  is  likely  if  storage 
is  longer  than  3  or  4  months. 

The  most  effective  method  of  keeping  losses 
to  a  minimum  is,  of  course,  to  convert  the  logs 
into  lumber  or  other  products  within  a  week 
or  two.  With  saw  logs  and  other  large  round 
products,  decking  in  the  open  or  under  other 
conditions  that  hasten  drying  has  little  value- 
in  preventing  fungus  damage.  Furthermore , 
rapid  drying  may  result  in  excessive  loss  fror 
end  checking. 
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Water  Storage 

When  it  is  impractical  to  utilize  logs 
promptly  it  is  sometimes  possible  to  store  them 
in  ponds,  lakes,  or  fresh-water  inlets.  This  is 
a  regular  practice  at  some  sawmills  and  by  far 
the  safest  one  when  long  periods  are  involved. 
Experience  with  thousands  of  ponded  pine  logs 
salvaged  from  timber  felled  by  the  New  Eng¬ 
land  hurricane  of  1938  indicates  that  even 
those  logs  that  floated  were  protected  in  sub¬ 
stantial  measure  against  fungus  attack.  How¬ 
ever,  in  the  Gulf  States  logs  that  float  high, 
particularly  hardwood  logs,  often  suffer  severe 
damage  to  the  above  water  parts. 

Giemical  Treatment 

Chemical  spray  treatments  are  available  that 
will  prevent  serious  losses  from  stain  and  de¬ 
cay  in  logs  stored  for  3  to  4  months  if  insect 
attack  is  negligible.  Bark  and  woodboring  in¬ 
sects  are  not  repelled  by  the  commonly  used 
fungicides  and  when  they  attack  logs  they  may 
carry  stain  and  decay  fungi  into  the  interior  of 
logs  where  a  surface  treatment  has  no  effect. 
The  chemicals  recommended  for  log  sprays  to 
control  fungi  are  listed  in  Table  1. 

The  chemical  may  be  readily  applied  with  an 
ordinary  garden  spray  of  the  sustained  pressure 
type.  C^e  having  a  capacity  of  3  or  4  gallons 


Fig.  1. — Gum  logs  with  heavy  stain  at  the  ends. 
Under  certain  conditions  visible  end  stain  may 
appear  within  10  days,  and  the  discoloration  may 
penetrate  into  the  log  as  rapidly  as  1  foot  per  month. 
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Table  1. — Fungicidal  Solutions  for  Chemical 
Treatment  of  Logs 


Chemical  I 


Suneated 
amount  per 
100  gallons 
of  water 


Dowicide  G  (sodium  pentachlorophenate) _  21  lb. 

Dowicide  H  (sodium  tetrachlorophenate)^. .  21  ib. 

IN-6499  (phenyl  mercuric  oleate) _  8.5  qt. 

Lignasan  (ethyl  mercuric  phoaphate) _  6  lb. 

Permatox  10s  (sodium  pentachlorophenate  plus 

borax) _ _ _ _  30  1b. 

Santobrite  (sodium  pentachlorophenate) _  21  lb. 


■Materials  are  listed  in  alphabetical  order  and  not  in  order 
of  effectiveness. 

The  proprietary  products  are  distributed  by  the  following 
companies: 

Dosdcide  and  Permatox  lOs.  Chapman  Chemical  Co.,  New 
Orleans,  La.  or  Memphis,  Tenn. 

Lignasan  and  IN-5499.  E.  I.  duPont  de  Nemours  and  Co. 
Wilmington,  Del. 

Santobrite.  Monsanto  Chemical  Co.,  St.  Louis,  Mo. 

‘In  the  Southern  States  recommended  only  for  hardwoods. 


can  be  readily  carried  by  the  shoulder  strap. 
The  ends  and  any  areas  where  the  bark  is  miss¬ 
ing  should  be  thoroughly  wetted  with  the 
fungicidal  solution.  Logs  may  be  sprayed  either 
on  the  ground  in  the  woods  or  in  piles  at  con¬ 
centration  points.  Woods  treatment  is  usually 
preferable  because  it  permits  the  log  to  be 
turned  and  the  chemical  applied  to  all  debarked 
areas.  Also  there  is  likely  to  be  less  delay  in 
treating.  It  cannot  be  too  strongly  emphasized 
that  during  warm  weather  the  chemical  should 
be  applied  the  day  the  logs  are  cut  or  at  latest 
the  following  day  if  best  protection  is  to  be 
secured.  Under  favorable  conditions  stain  fungi 
can  penetrate  the  log  sufficiently  in  24  hours 
to  escape  being  killed  by  a  surface  application 
of  a  fungicide. 

For  logs  cut  from  June  to  late  October  in 
the  South  insect  attack  is  likely  to  be  sufficiently 
prevalent  to  greatly  reduce  the  effectiveness  of 
a  fungicidal  solution  applied  alone.  The  Divi¬ 
sion  of  Forest  Insect  Investigations  of  the  U.  S. 
Department  of  Agriculture  has  found  that  some 
of  the  newer  insecticides  are  quite  effective  in 
preventing  insect  damage  to  logs.  There  is  also 
some  evidence  that  these  insecticides  can  be 
combined  with  fungicides  for  log  treatment.  So 
far  most  of  the  experience  with  the  fungicides 
and  insecticides  alone  or  in  combination  has 
been  with  hardwood  logs. 

If  control  of  end  checking  is  also  desired, 
any  suitable  moisture-resistant  coating  can  be 
applied  after  the  spray  treatment.  With  certain 
woods  in  which  the  sapwood  tends  to  check 
rather  rapidly  and  extensively,  the  addition  of 
a  good  end  coating  can  also  be  of  considerable 
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aid  in  controlling  decay.  This  has  been 
observed  specifically  in  yellow  and  white  birch, 
and  in  hard  and  soft  maple.  The  deeper  end 
checks  permit  entry  of  fungi  regardless  of  the 
preservative  used. 

Control  of  Stain,  Mold,  and  Decay  in 
Lumber  and  Sawn  Timbers 

Methods 

The  surest  means  of  preventing  fungus 
attack  on  freshly  cut  lumber  is  to  kiln  dry  it 
promptly.  In  most  sections  of  the  country  dur¬ 
ing  the  damper  periods  of  the  summer,  and  in 
the  warmer  sections  throughout  the  year,  rapid 
air  seasoning  cannot  be  relied  on  to  prevent 
stain  and  mold  or  even  decay.  Moreover,  where 
rapid  drying  can  be  depended  on  to  control 
fungus  damage,  it  is  not  feasible  with  some 
species  because  of  their  tendency  to  check. 


Even  in  the  arid  Southwest  where  drying  con¬ 
ditions  are  especially  good,  lumber  is  some¬ 
times  dipped  so  that  closer  piling  is  possible, 
thus  reducing  loss  from  checking.  Consequently, 
widespread  use  is  now  made  of  chemical  treat¬ 
ments  for  lumber  which  contains  appreciable 
sapwood  and  which  is  to  be  air-seasoned  during 
periods  when  wood-damaging  fungi  are  most 
active  (Fig.  2). 

Economical  chemical  surface  treatments  for 
lumber  have  been  developed  to  make  it  pos¬ 
sible  to  use  conventional  seasoning  piles  with¬ 
out  the  usual  risk  of  stain,  mold,  and  decay 
degrade.  These  treatments  are  effective  only  for 
the  comparatively  short  periods  required  for 
seasoning.  Any  chemical  remaining  on  the 
stock  after  seasoning  is  largely  removed  by 
subsequent  surfacing.  For  permanent  protection 
it  is  necessary  to  use  a  wood  preservative  ap¬ 
plied  by  a  means  that  insures  deep  penetration. 


Fig.  2. — Heavily  blue-stained  and  bright  boards  of  (A)  sweetgum  sapwood  and  (B)  southern  pirn 
sapwood.  The  stained  and  bright  boards  in  each  case  were  dried  under  practically  the  same  conditions,  th( 
chief  difference  being  that  the  bright  boards  were  dipped. 
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Fig.  3. — Lumber  and  timber  treating  equipment.  A,  Well-designed  hand-dipping  vat.  Commendable  ' 
features  are  the  splashboard  and  ample  drain  apron.  Cleats  'on  the  drain  apron  hold  the  boards  partly  on 
edge,  thus  hastening  draining.  B  and  C,  Mechanical  dipping  vats,  of  simple  design  suited  to  both  semi¬ 
portable  and  large  mills.  Note  that  only  a  small  amount  of  solution  is  needed  to  obtain  complete  coverage 
of  the  boards.  D,  Common  type  of  mechanical  timber  spray. 


At  most  mills  lumber  is  treated  by  passing 
the  freshly  cut  stock  through  a  dipping  vat 
(Fig.  3)  containing  the  chemical  in  water  solu¬ 
tion.  A  few  mills  prefer  to  spray  the  chemical 
on,  but  this  method  must  be  employed  with 
special  care  if  thorough  coverage  is  to  be  ob¬ 
tained,  and  it  virtually  requires  mechanical 
equipment.  At  larger  sawmills  the  dipping  vat 
is,  almost  of  necessity,  mechanically  operated, 
and  it  is  placed  at  some  convenient  point  in  the 
sorting  table  so  that  the  stock  can  be  passed 
through  it  on  the  green  chain.  Overhead  rolls 
are  generally  used  to  force  the  lumber  into  the 
solution  (Fig.  3,  B  and  C).  At  some  smaller 
mills  the  dipping  vat  is  located  at  a  point  sep¬ 
arate  from  the  sawmill  proper  and  the  green 
chain  frequently  is  powered  by  a  small  gaso¬ 
line  engine.  Such  an  arrangement  is  common 
where  the  lumber  is  dipped  at  a  concentration 
yard. 

At  small  portable  and  semiportable  mills  the 
stock  is  commonly  dipped  by  hand,  the  work 
being  done  by  one  or  two  men.  One  man  can 
regularly  dip  no  more  than  about  5,000  feet  of 
l-inch  lumber  in  a  day.  With  power  available 
and  a  mill  output  of  as  much  as  about  15,000 


board  feet  per  day,  it  is  advisable  to  consider 
the  use  of  a  mechanical  vat  because  of  the 
great  saving  in  labor  cost.  A  simple  portable 
mechanical  vat  may  be  constructed.  Hand¬ 
dipping  vats  need  be  little  more  than  sturdy 
wooden  troughs  of  sufficient  size  to  accommo¬ 
date  the  largest  boards  and  fitted  with  sloping 
sideboards  to  permit  draining  of  the  lumber 
and  to  prevent  excessive  waste  of  dipping  solu¬ 
tion  resulting  from  splashing  (Fig.  3,  A). 
Suggesrions  for  constructing  both  hand-operated 
and  mechanical  dipping  vats  may  be  obtained 
from  companies  supplying  anti-stain  chemicals. 

Green  timbers  and  the  larger  dimension 
materials  are  usually  sprayed,  by  passing  the 
stock  on  a  roller  conveyor  through  a  spray  box 
fitted  with  perforated  pipes  or  special  nozzles 
(Fig.  3,  D).  Excess  solution  is  recovered  and 
flows  or  is  pumped  back  into  a  storage  tank. 
At  small  mills  large  items  may  be  treated  with 
a  hand-operated  spray,  sprinkling  can,  broom, 
or  brush.  Any  of  these  devices  is  adequate  so 
long  as  all  surfaces  are  completely  wetted. 

The  chemicals  most  widely  used  for  the  con¬ 
trol  of  stain,  mold,  and  decay  in  lumber  are 
the  proprietary  products  listed  in  Table  2. 
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Table  2. — Solutions  for  Prevention  of  Stain,  Mold,  and  Decay  in  Lumber 


Suggeated 
number  of  pounds 
per  100  gal. 


Product*  of  water^  Limitations  or  advantages 

Borax . 32  Usually  effective  on  hardwoods  only. 

Dowicide  G . . . 7  Not  recommended  for  hand  dipping  unless  special  precautions  are  taken  to 

protect  workmen’s  hands^. 

Dowicide  H _  6  In  the  South  recommended  only  for  hardwoods. 

IN-4400A _  4  A  new  product  not  yet  extensivdy  tested. 


Lignssan _  2 

Noxtane _ 10 

Permatox  10s _  10 

Santobrite _ 7 

Mixture  1 

Lignaaan  plus  Dowicide  G  or  1 

Santobrite _  4 


In  bulked  pine  and  in  situations  where  drying  is  particularly  slow  this  may 
allow  some  molding. 

Test  results  indicate  that  control  may  be  somewhat  inconsistent  where  drying 
is  particularly  slow. 


Not  recommended  for  hand  dipping  unless  special  precautions  are  taken  to 
protect  workmen’s  hands*. 

Particularly  effective  under  severe  conditions. 


Mixture  2 

Lignaaan  plus  H  Particularly  effective  under  severe  conditions. 

*  Dowicide  G  or 

Santobrite  plus  2 

Borax _ _  6 


■See  Table  1  for  composition  and  source  of  proprietary  products.  IN-4400  A  (ethyl  mercuric  phosphate  and  sodium  penta- 
chlorophenate)  is  available  from  E.  I.  duPont  de  Nemours  and  Co.,  Wilmington,  Del.  Noxtane  (sodium  pentachlorophenate, 
borax,  and  soda)  is  available  from  Wood  Treating  Chemicals  Co.,  St.  Louis. 

*For  severe  seasoning  conditions  the  proprietary  products  may  be  used  profitably  at  a  higher  concentration.  For  timber  spray 'ne 
and  for  use  on  lumber  that  must  be  bulked  for  more  thaiv  a  few  days,  increase  the  concentration  of  all  chemicals  by  at  least  one-naif. 

^Precautions  for  the  protection  of  workmen’s  hands  are  given  on  page  488. 


Most  of  these  were  also  listed  for  log  treat¬ 
ment,  but  at  higher  concentrations  than  needed 
for  lumber.  In  addition  to  the  proprietary 
chemicals  that  may  be  used  there  are  listed 
borax,  which  is  recommended  for  hardwoods 
only,  and  mixtures  of  two  of  the  proprietary 
products,  with  and  without  the  addition  of 
borax.  These  mixtures  have  demonstrated  supe¬ 
rior  effectiveness  where  drying  conditions  were 
poor.  All  the  chemicals  are  effective  in  cold 
solution. 

The  cost  of  the  solutions  used  for  dipping 
4/4  lumber  averages  about  15  to  22  cents  per 
thousand  board  feet  treated.  For  thicker  stock 
the  cost  is  less,  since  the  amount  of  solution 
used  decreases  as  the  ratio  of  surface  area  to 
volume  decreases. 

Special  G>nsiderations  for 
Successful  Qiemical  Treatment 

The  purpose  of  chemical  treatment  should  be 
to  provide  protection  against  fungus  damage 
during  unfavorable  conditions  which  cannot  be 
avoided — not  to  facilitate  poor  handling  and 
seasoning  practices.  By  paying  attention  to  a 
comparatively  few  details,  the  most  important 
of  which  are  mentioned  below,  generally  good 
results  may  be  expected.  ’ ' 


Stain-free  Logs. — It  is  desirable  that  the  logs 
be  bright  and  free  from  infection  at  the  time 
they  are  converted  into  lumber.  The  chemical 
affects  only  the  surface  layers  of  the  wood; 
consequently  infection  originating  in  the  log 
may  continue  to  spread  in  the  interior  of  the 
sawed  product. 

Prompt  Treatment. — For  best  protection  dur¬ 
ing  warm  weather,  lumber  should  be  dipped  the 
day  it  is  sawed  or  at  latest  the  following  day. 
Greater  delays  give  infections  a  chance  to  go 
deeper  into  the  wood  than  the  chemical.  As  a 
result  interior  stain  is  likely  to  develop.  Dur¬ 
ing  cool  weather  delays  longer  than  24  hours 
may  do  no  harm ;  the  maximum  delay  that  can 
be  safely  tolerated  with  particular  climatic  con¬ 
ditions,  however,  can  be  determined  only  by 
experience.  If  excessive  delay  is  unavoidable 
dipping  is  still  recommended,  particularly  be¬ 
cause  control  of  the  slower-growing  decay  fungi 
may  still  be  adequate.  In  such  cases  more  rapid 
seasoning  is  advisable,  if  practicable. 

Proper  Solution  Concentration. — ^The  treat¬ 
ing  chemicals  should  never  be  used  at  concen¬ 
trations  lower  than  those  recommended  by  the 
suppliers.  These  concentrations  have  been  estab¬ 
lished  by  numerous  tests  and  actual  mill  experi¬ 
ence  and  are  the  lowest  that  ordinarily  can  be 
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used  with  safety.  On  the  other  hand,  concen¬ 
trations  often  can  be  increased  to  advantage  on 
thick  stock  or  daring  periods  of  wet  weather. 
It  should  be  emphasized  that  most  of  the  treat¬ 
ing  chemicals  are  used  in  such  low  concentra¬ 
tions  that  'small  errors  in  weighing  may  amount 
to  large  percent  shortages. 

Mixing  Tank. — A  special  tank  of  known 
capacity,  which  at  small  mills  need  consist  of 
nothing  more  than  a  barrel,  is  necessary  to 
obtain  accurate  proportions  of  chemical  and 
water.  Do  not  dissolve  the  chemicals  in  the 
dipping  yat  itself.  Since  none  of  them  dis¬ 
solve  immediately,  it  takes  time  for  the  solu¬ 
tion  to  attain  uniform  strength.  Moreover,  the 
quantity  of  water  in  a  dipping  vat  usually  can¬ 
not  be  estimated  very  reliably. 

Thorough  Treatment. — The  dipping  vat 
should  be  so  constructed  and  equipped  that  all 
stock  passing  through  it  will  be  completely 
immersed.  Complete  surface  wetting  is  all  that 
is  necessary.  Tlie  solution  should  never  be 
allowed  to  become  so  low  that  occasional  bunch¬ 
ing  of  the  stock  causes  top  boards  to  go  through 
wholly  or  partially  untreated.  Furthermore, 
solutions  used  for  dipping  lumber  tend  to  lose 
strength  with  use.  This  weakening  can  be  held 
to  harmless  proportions  by  replenishing  the  vat 
every  time  the  solution  level  drops  to  about 
80  percent  of  the  full  working  level. 

Stock  being  sprayed  should  be  handled  with 
extra  care  to  insure  that  no  surface  areas  remain 
untreated.  The  spray  nozzles  must  be  kept  con¬ 
stantly  free  from  clogging,  and  it  is  usually 
necessary  to  have  considerable  force  behind  the 
sprays  in  order  that  the  splash  created  will  take 
care  of  portions  of  the  stock  not  directly  hit  by 
the  outcoming  streams.  When  timbers  are 
sized  after  treatment  they  should  be  resprayed. 
Mills  getting  best  stain  control  in  treated  tim¬ 
bers  use  stickers  to  separate  timbers  on  the 
dock. 

Protection  of  Treating  Solution  from  Rain. — 
The  dipping  vat  should  be  sheltered  by  a  roof 
if  at  all  feasible.  Exposed  vats  should  at  least 
be  covered  when  not  in  use.  It  takes  very  lit¬ 
tle  rain  to  seriously  reduce  the  concentration  of 
treating  solution  in  a  vat  properly  constructed 
with  drain  apron  and  splash  board.  This  factor 
is  commonly  overlooked  in  accounting  for 
treatment  failures. 


Umited  Bulking  of  Green  Stock. — Surface 
treating  of  lumber  is  surprisingly  effective  in 
preventing  fungus  attack  in  stock  bulk-  piled 
after  treatment  for  periods  of  several  weeks. 
Nevertheless,  bulking  reduces  the  assurance  of 
good  control,  and  treated  lumber  should  be 
strip  piled  for  seasoning  as  soon  as  practicable 
after  sawing.  If  bulking  beyond  a  few  days  is 
unavoidable  the  concentration  of  the  treating 
solution  preferably  should  be  increased  to 
to  2  times  that  ordinarily  recommended  for 
lumber  and  especially  favorable  drying  condi¬ 
tions  provided  when  the  lumber  is  finally 
placed  in  the  seasoning  pile.  If  the  lumber  is  to 
be  kiln  dried  or  shipped  green  and  then  kiln 
dried,  rather  than  air-seasoned,  the  higher  con¬ 
centration  mentioned  above  will  ordinarily 
give  satisfactory  protection  for  4  to  6  weeks. 

Seasoning  Pile  Covers. — Pile  covers  may  be 
advantageous  in  seasons  when  rainfall  is  preva¬ 
lent.  Without  a  roof  there  is  danger  of  heavy 
staining  in  a  number  of  the  upper  courses.  A 
good  roof  should  project  about  1  foot  in  front 
and  2^  feet  in  the  rear.  Jf  it  is  tightly  con¬ 
structed  a  pitch  of  1  inch  to  the  foot  will  shed 
water  satisfactorily.  The  roof  should  be  ele¬ 
vated  at  least  5  inches  above  the  top  layers  of 
lumber  to  permit  free  circulation  of  air  from 
the  top  to  the  bottom  of  the  pile  (Fig.  4), 

Seasoning  Pile  Foundations. — Moderately 
high  foundations  promote  circulation  of  air 
through  the  seasoning  tile,  which  in  turn  aids 
in  the  success  of  the  chemical  treatment.  The 
most  advantageous  height  of  foundations  de¬ 
pends  somewhat  on  drainage  conditions  in  the 
yard  and  the  closeness  of  piling.  Foundations 
should  not  be  obstructed  by  weeds  or  debris. 
For  permanent  locations  they  preferably  should 
be  constructed  of  pressure-treated  wood  or 
other  durable  material.  The  use  of  slabs  in 
place  of  elevated  foundations  favors  fungus 
attack.  Simple  temporary  foundations  for  use 
by  portable  mills  can  be  made  from  short  sec¬ 
tions  of  round  post  wood  (Fig.  5). 

Alignment  and  Spacing  of  Boards. — Unsatis¬ 
factory  stain  control  in  properly  covered  and 
elevated  piles,  following  adequate  chemical 
treatment,  can  almost  always  be  overcome  by 
more  open  piling.  If  stain  occurs  in  spite  of 
the  treatment,  the  stock  may  be  drying  exces¬ 
sively  slowly.  Increasing  the  spacing  belween 
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Fig.  4. — A  seasoning  pile  with  boards  well  spaced  and  arranged  to  form  continuous  vertical  flues  that 
greatly  aid  air  circulation  through  the  pile.  Blocks  supporting  the  cover  permit  freer  movement  of  air  than 
do  supports  consisting  of  several  layers  of  boards. 


boards  is  probably  the  simplest  and  most  effec¬ 
tive  way  of  increasing  the  drying  rate. 

Stickers. — For  promoting  drying,  narrow, 
dry  stickers  obviously  are  preferable  to  stick¬ 
ers  of  green  lumber.  Stock  stickers  can  be  used 
in  many  cases  if  other  seasoning  practices  are 
good  and  no  more  than  four  of  them  are  placed 
in  a  course,  but  because  they  materially  reduce 
the  rate  of  drying  they  are  never  as  safe  as  dry 
stickers.  Slab  stickers  should  never  be  used 
since  the  presence  of  bark  favors  not  only  stain 
occurrence  but  also  insect  damage. 

Stickers  commonly  are  a  source  of  lumber 
infection.  Some  mills  place  unused  stickers  un¬ 
der  cover  to  protect  them  from  rain.  For  piling 


the  better  grades  of  lumber,  treated  s.ickers 
provide  greater  safety.  Dry  stickers  dipped  for 
3  minutes  in  a  5  percent  solution  of  sodium 
pentachlorophenate  (Table  1)  will  not  pro¬ 
mote  infection  of  the  lumber  and  they  will 
last  longer.  For  untreated  stickers,  heartwood 
of  a  durable  species  is  preferable. 

Yard  Layout. — Seasoning  yards  laid  out  to 
take  the  fullest  advantage  of  prevailing  winds 
are  in  the  most  favorable  position  for  promot¬ 
ing  drying  and  stain  control.  Piles  should  be 
situated  to  shield  one  another  as  little  as  pos¬ 
sible  from  wind  movements.  It  is  important 
that  they  be  placed  in  even,  regular  rows,  to 
form  continuous  front,  rear,  and  side  alleys. 
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Fi/j.  6. — Package  piling.  Chemical  treatment  is  expected  to  be  especially  beneficial  in  keeping  boards  in  such 

piles  free  from  fungus  damage. 
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Tramways  16  to  20  feet  wide,  rear  alleys  about 
8  feet  wide,  and  side  alleys  from  2  to  4  feet 
wide  are  common  at  mills  where  chemical  treat¬ 
ments  are  successfully  employed. 

Package  Piling  • 

Package  piling,  of  the  general  type  illus¬ 
trated  in  Fig.  6,  is  becoming  increasingly  preva¬ 
lent.  Its  flat  construction  retards  run-off  of 
rain  water  and  the  lack  of  foundation  results 
in  slower  air  circulation,  particularly  in  the 
lower  portion  of  the  pile,  than  would  other¬ 
wise  be  the  case.  The  significance  of  these  fea¬ 
tures  with  respect  to  potential  fungus  damage 
has  not  yet  been  established.  It  is  probable, 
however,  that  lumber  piled  in  this  manner  may 
be  more  than  ordinarily  benefited  by  dipping. 

Protection  of  Workmen 
Handling  the  Treating  Chemicals 

In  the  dry  form,  all  of  the  fungicidal  prod¬ 
ucts  mentioned  here,  except  borax,  may  cause 
severe  burns  if  allowed  to  remain  on  the  skin. 
However,  no  more  than  ordinary  care  is  needed 
to  avoid  trouble  in  this  respect.  In  solution  at 
recommended  treating  concentration  some  of 
the  proprietary  products  may  irritate  the  skin 
of  persons  susceptible  to  the  chemicals.  This 
difficulty  is,  of  course,  most  prevalent  where 
the  dipping  is  done  by  hand,  but  it  also  may 
be  encountered  at  any  point  in  the  mill  where 
a  considerable  amount  of  the  dipping  solutions 
remains  on  the  surface  of  the  stock.  Usually 
by  the  time  the  stock  reaches  the  seasoning  yard 
little  trouble  is  experienced.  This  disadvantage 
of  most  of  the  chemicals  can  be  overcome  by  a 
few  precautions  that  are  comparatively  easily 
managed.  Ample  practical  evidence  of  this  is 
given  by  the  large  volume  of  lumber  that  has 
been  dipped  by  hand  with  some  of  the  present 
chemicals  over  a  period  of  more  than  15  years. 
The  most  important  precautions  are: 

(1)  Protect  the  workmen  with  rubber  gaunt¬ 
lets  and  waterproof  aprons;  canvas  gloves  or 
palm  pads  of  leather  or  belting  worn  over  the 
rubber  gauntlets  reduce  the  amount  of  wear 
and  often  aid  in  handling  the  stock.  The 
gauntlets  should  be  washed  free  of  chemical 
at  the  end  of  each  working  period.  Hooks  for 
handling  lumber  in  connection  with  hand  dip¬ 
ping  are  helpful  where  it  is  practicable  to  use 
them. 


(2)  Carefully  follow  the  recommendations 
of  the  manufacturer  or  distributor  concerning 
the  use  of  a  particular  product. 

(3)  For  the  treating  work  and  for  han¬ 
dling  the  wet  stock,  be  watchful  to  discover 
workmen  who  may  be  allergic  to  the  treating 
chemicals  used,  and  to  remove  them  from  the> 
hazard. 

(4)  While  spraying  logs  and  lumber,  use 
particular  care  to  keep  the  chemical  from  the 
face. 

Control  of  Stain,  Mold,  and  Decay  in 
Other  Forest  Products 

The  measures  described  in  this  paper  for  the 
control  of  fungi  in  logs  and  lumber  have  been 
found  applicable  to  other  forest  products. 
Chemical  dips  are  used  to  protect  such  prod¬ 
ucts  as  veneer,  staves,  hoops,  and  shingles  that 
are  to  be  air  seasoned.  The  use  to  be  made  of 
a  product,  such  as  for  food  containers,  should 
be  considered  in  determining  whether  such 
treatments  can  be  safely  and  profitably  used. 

Discussion 

R.  A.  Hertzler  (Southeastern  Forest  Experi¬ 
ment  Station) :  This  well-prepared  paper 
should  be  read  carefully  by  all  people  manu¬ 
facturing  either  primary  wood  products  such  as 
lumber  or  using  these  products  for  further 
processing.  It  is  a  practical,  easy-to-read  pres¬ 
entation  of  facts  regarding  the  control  of  stain, 
mold,  and  decay.  The  control  measures  are 
simple  and  inexpensive;  most  important,  they 
are  suitable  for  use  by  the  small  operator  who 
cuts  most  of  our  lumber  and  other  primary 
forest  products. 

I  should  like  to  emphasize  two  points  men¬ 
tioned  by  the  authors.  First,  to  be  effective  the 
chemicals  must  be  applied  soon  after  cutting 
because  the  chemicals  will  not  remove  stain 
already  present  nor  will  they  kill  fungi  except 
by  contact.  Second,  proper  seasoning  is  essen¬ 
tial,  because  the  surface  treatment  provides  pro¬ 
tection  only  until  the  moisture  content  of  the 
wood  is  lowered  below  that  required  for  fungi 
to  live. 

In  general,  it  is  not  easy  to  get  small  oper¬ 
ators  to  adopt  new  techniques  or  to  take  the 
precautions  necessary  to  assure  their  success. 
For  these  reasons  the  users  of  the  lumber  or 
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other  wood  products  must  take  action,  such  as 
setting  up  and  adhering  to  quality  standards 
for  the  wood  products  they  buy.  They  might 
well  provide  the  small  operators  wiA  other 
help,  for  good  clean  lumber  reduces  waste  and 
benefits  all  users  and  consumers  of  wood  prod¬ 
ucts.  Now  that  the  authors  have  given  us  the 
control  methods,  the  principal  job  is  to  get 
these  into  practice  and  this  means  working  with 
the  small  operators. 

The  paper  discusses  only  the  control  of  stain, 
mold  and  decay  in  green  lumber.  Are  there 
similar  experiments  for  controlling  these  de¬ 
fects  in  other  wood?  Another  related  problem 
is  the  control  of  mold  and  stain  of  veneer  in 
the  manufacture  of  fruit  and  vegetable  con¬ 
tainers.  Is  anyone  working  on  this  subject? 

Dr.  Verrall:  There  is  considerable  work  be¬ 
ing  done  on  the  control  of  stain,  mold,  and  de¬ 
cay  fungi  in  seasoned  lumber.  Control  during 
storage  and  use  is  essentially  a  problem  of  keep¬ 
ing  the  wood  dry  or  when  this  is  not  feasible 
of  using  a  wood  preservative  or  a  naturally 
durable  wood.  Results  of  our  work  in  this  field, 
dealing  primarily  with  dipping  or  soaking 
treatments  by  the  wood  user,  are  being  pre¬ 
sented  in  trade  journals  from  time  to  time. 

A  number  of  chemicals  will  control  mold 
and  stain  in  veneer  used  for  fruit  and  vege¬ 
table  containers.  However,  many  of  the  com¬ 
mon  preservatives  taint  foods  and  cannot  be 
used  for  this  purpose.  The  Western  Regional 
Laboratory  is  working  on  this  problem  and 
have  recommended  a  wax  treatment  for  berry 
boxes  that  is  being  tried  commercially  on  the 
West  Coast.  Also,  preliminary  work  on  the 


treatment  of  picking  boxes  has  been  started  at 
the  Forest  Products  Laboratory. 

]ohn  H.  Grant,  Jr.:  Can  prevention  of  stain 
be  obtained  absolutely  by  improved  piling 
methods,  provided  stain  fungi  are  not  present 
in  logs  previously  cut  in  the  woods  or  infected 
by  immersion  in  log  ponds  literally  polluted  by 
stain  organisms? 

Dr.  Verrall:  Neither  antistain  chemicals  nor 
improved  piling  methods  alone  can  be  relied 
on  for  absolute  stain  control.  Both  must  be 
used  where  climatic  conditions  cause  slow  dry¬ 
ing.  In  the  more  arid  forest  regions  or  during 
the  winter  in  the  North  good  piling  alone  may 
suffice.  End  racking  or  triangular  open  cribs 
at  times  give  adequate  control,  even  in  the 
South,  but  the  exceptions  are  more  frequent.  A 
dip  is  usually  needed  also. 

Mr.  Grant:  Does  the  cost  figure  represent 
only  chemicals? 

Dr.  Verrall:  The  cost  figures  given  are  for 
chemicals  only.  When  mechanical  vats  in  the 
green  chain  are  used,  but  slight  additional  labor 
is  required  and  the  total  charge  is  little  more 
than  that  for  the  chemical.  Hand  dipping  re¬ 
quires  additional  labor,  making  the  total  cost 
considerably  more. 

Mr.  Grant:  Why  is  it  generally  indicated 
that  lumber  cut  between  September  and  May 
does  not  stain  if  properly  piled? 

Dr.  Verrall:  Lumber  cut  between  September 
and  May  is  not  inherently  less  stain  susceptible. 
However,  during  this  period  the  weather  may 
be  cool  to  cold  resulting  in  less  growth  of  stain 
fungi  and  less  staining. 
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BUSINESS  MEETING 


The  meeting  was  called  to  order  by  President 
Garratt  at  2:00  p.  m.  on  Wednesday,  May  4, 
1949. 

1.  Minutes  of  Previous  Meeting  ^ 

Announcement  was  made  that  the  minutes 
of  the  preceding  annual  business  meeting,  held 
in  Chicago,  Illinois,  on  March  23,  1948,  had 
been  approved  by  the  Executive  Board  and 
published  in  the  Proceedings  of  the  1948  Na¬ 
tional  Meeting. 

2.  Report  of  the  Secretary-Treasurer 

During  the  fiscal  year  1948,  the  net  paid-up 
membership  of  the  Forest  Products  Research 
Society  increased  from  1197  to  2014.  This  in¬ 
crease  was  made  up  of  575  voting  and  asso¬ 
ciate  members,  65  supporting  members,  and 
177  student  members,  bringing  the  totals  for 
these  classes  of  membership  to  1708,  129,  and 
177,  respectively.  The  Society  now  has  mem¬ 
bers  in  47  states,  the  District  of  Columbia, 
Hawaii,  Alaska,  and  Puerto  Rico,  all  provinces 
of  Canada,  and  23  foreign  countries.  The  fol¬ 
lowing  foreign  countries  were  added  to  the 
roster  during  1948:  Brazil,  Detunark,  Hon¬ 
duras,  Italy,  Mexico,  and  Palestine. 

The  number  of  local  sections  has  increased 
from  3  to  7,  with  the  addition  of  the  Virginia- 
Carolinas  section,  the  Georgia-Florida-Ala- 
bama  section,  the  Northern  California  section, 
and  the  Inland  Empire  section.  All  of  these 
sections  are  active  and  have  had  at  least  one 
meeting.  The  Eastern  Canadian  and  Deep 
South  sections  recently  received  approval  and 
are  in  the  process  of  organizing. 

During  the  fiscal  year  one  of  the  significant 
steps  made,  effective  June  1,  1948,  was  plac¬ 
ing  the  Secretary-Treasurer  on  a  full  time  basis. 
Following  the  resignation  of  T.  R.  C.  Wilson, 
who  had  been  serving  in  a  part-time  capacity, 
Charles  E.  Van  Hagan  was  engaged.  The  secre¬ 
tarial  and  clerical  requirements  of  the  national 
office  in  Madison,  Wisconsin,  are  handled  by 
one  full-time  and  one  half-time  secretary. 


The  cash  on  hand  April  1,  1948,  was 
$4,799.25 ;  total  receipts  during  the  F.  Y.  1948, 
$50,569.75;  total  expenditures  during  F,  Y. 

1948,  $42,667.36;  and  cash  on  hand  March  31, 

1949,  $12,701.64. 

The  principal  items  of  income  were  as  fol¬ 
lows:  membership  dues,  66  percent  (38  per¬ 
cent  for  F.  Y.  1948  and  28  percent  for  F.  Y. 
1949)  ;  publications,  26  percent  (21.7  'percent 
from  advertising  and  4.3  percent  from  sale  of 
Proceedings  and  preprints)  ;  and  meetings,  7 
percent  (2.2  percent  advance  income  from  the 
Third  National  Meeting) . 

The  principal  items  of  expense  were  as  fol¬ 
lows:  publications,  37.3  percent;  office  ex¬ 
penses,  15.3  percent;  salaries,  12.2  percent; 
membership  campaign,  10.6  percent;  national 
meetings,  8.8  percent;  and  national  office 
rental,  8.5  percent.  The  remaining  7.3  percent 
was  for  miscellaneous  items. 

In  addition  to  the  cash  on  hand  of 
$12,701.64,  the  Society  has  assets  of  $652  in 
accounts  receivable,  and  $235  in  equipment 
and  supplies.  The  Society  has  1326  copies  of 
Volume  1  and  1362  copies  of  Volume  2  of  the 
Proceedings  valued  at  $8,000. 

On  motion  duly  made  and  seconded  the  re¬ 
port  was  accepted. 

3.  Auditor’s  Report 

The  auditor’s  report  for  the  period  from 
April  1,  1948,  through  March  31,  1949,  was 
accepted  by  the  Executive  Board,  and  the  Sec¬ 
retary-Treasurer  instructed  to  print  and  dis¬ 
tribute  it  to  the  members  of  the  Society. 

4.  Section  Activities 

The  President  reported  that  four  sections 
(Florida-Georgia-Alabama,  Inland  Empire, 
Northern  California,  and  Virginia-Carolinas) 
had  been  organized  and  activated  since  the  las^ 
annual  meeting,  and  that  the  Executive  Board 
had  recently  approved  the  formation  of  two 
additional  sections  (Eastern  Canadian  and 
Deep  South). 
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Plaskon  Resin  Glues 


for  durable  bonding 


PLASKON  RESIN  GLUES  are  adaptable  to  a  wide  range  of 

gluing  and  bonding  needs  involving  wood,  paper,  fabrics 
and  other  materials.  These  glues  have  exceptional 

strength  and  life,  assuring  a  high  degree  of 
permanence.  They  are  highly  moistureproof,  and  completely 
resistant  to  bacteria  and  fungi.  Other  features  include  ease  of 

preparation  and  handling;  easy  mixing;  and  strong  protection 
against  splining,  cracking  and  peeling  at  glue  lines. 


TYPE  201-2  and  TYPE  221-2  (cold-setting) 
urea  resin  glues  for  flat-plywood 
manufacture  and  general  bonding 
work.  Type  201-2  is  recommended  for 
limited  extension  with  wheat  flour, 
while  Type  221-2  is  highly  extensible. 

TYPE  2S0-2— ready  mixed  (hardener 
incorporated)  cold-setting  urea  resin 
glue  for  assembly  gluing  on  all  types 
of  furniture,  plywood,  aid  other 
wood  products. 

TYPES  107-2  and  121 -2- (hot-setting) 


urea  resin  glues  for  plywood  and 
general  bonding  work  on  hot-press 
equipment.  Type  107-2  is  recom¬ 
mended  for  limited  extension  with 
wheat  flour,  while  Type  121-2  is 
highly  extensible. 

TYPE  360-2— edge  gluing  resin  is  de¬ 
signed  specifically  for  use  on  edge 
gluing  machines  handling  veneers  of 
various  thicknesses.  It  can  be  applied 
either  by  the  applicator  on  the  splic¬ 
ing  machine  or  at  the  jointer. 


SERVICE.  There  is  a  Plaskon  Resin  Glue  Service  Engineer  in  your  locality, 
to  help  adapt  PLASKON*  RESIN  GLUE  features  to  your  problems. 

*R*e.  u.  S.  Pal.  Off. 

PLASKON  DIVISION  •  LIBBEY  •  OWENS  •  FORD  GLASS  CO. 
2166  Sylvan  Avenue,  Toledo  6,  Ohio 

World's  largost  Manviacturors  of  Uroa  Rosin  Gluos 
Also  Producors  of  Molding  Compounds  and  Coating  Rosins 

D'uirict  Officot;  Croon  Boy,  Wit.  •  Groontboro,  N.  C.  •  Momphit,  Tonn. 
Roch.tlor,  N.  Y.  •  Now  York,  N.  Y. 

Canadian  AgonI:  Canadian  indutfriot,  Limiimd,  Montraal,  P.  Q. 


Write  for  complete  tech¬ 
nical  information  on 
Plaskon  Resin  Glues. 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


A  meeting  of  representatives  from  each  of 
the  nine  sections  was  held  on  May  3,  and  rec¬ 
ommendations  relating  to  section  activities  and 
relationships  with  the  national  organization 
were  prepared  for  submission  to  the  Executive 
Board.  It  was  also  announced  that  the  Execu¬ 
tive  Board  had  voted  to  establish  an  Advisory 
G>uncil,  comprised  of  two  representatives  of 
each  active  section,  to  meet  annually  during 
the  national  meeting. 

5.  Exploratory  Committee 

The  President  announced  the  formation  of 
an  Exploratory  Committee,  comprised  of  rep¬ 
resentatives  of  organizations  interested  in  for¬ 
est  products  research,  created  for  the  purpose 
of  considering  possible  cooperative  action  on 
the  part  of  the  participating  agencies.  Member¬ 
ship  on  this  Committee  is  as  follows: 

George  M.  Hunt,  Chairman,  representing 
Forest  Products  Research  Society 

Frank  J.  Hanrahan,  Wood  Industries  Divi¬ 
sion,  American  Society  of  Mechanical  En¬ 
gineers 

Herbert  B.  McKean,  Division  of  Forest 
Products,  Society  of  American  Foresters 

D.  B.  Mabry,  American  Wood  Preservers 
Association 

G.  M.  Magee,  American  Railway  Engineer¬ 
ing  Association 

L.  J.  Markwardt,  Committee  D-7  on  Wood, 
American  Society  for  Testing  Materials 

William  A.  Oliver,  Committee  on  Timber 
Structures,  American  Society  of  Civil  Engi¬ 
neers 

6.  Report  of  General  Chairman  of  the 

Grand  Rapids  Meeting  Committee 

An  unofficial  count  showed  that  there  were 
633  paid  registrations  for  the  technical  sessions 
of  the  1949  National  Annual  Meeting.  Thirty- 
six  states,  Canada,  Puerto  Rico,  Mexico,  Eng¬ 
land,  Hawaii,  the  Netherlands,  India,  Norway, 
and  Switzerland  are  represented.  At  the  Forest 
Products  Industry  Show,  76  exhibitors  used  126 
booths  to  display  their  products.  It  was  esti¬ 
mated  that  more  than  3000  people  have  gone 
through  the  Forest  Products  Industry  Show  dur¬ 
ing  the  3-day  meeting. 


The  chairman  thanked  the  members  of  the 
Committees  for  their  excellent  work  in  making 
this  meeting  such  a  success  and  expressed  the 
hope  that  the  Society  would  return  to  Grand 
Rapids  for  another  national  meeting  as  early 
as  possible.  The  members  of  the  committees 
were  as  follows: 

General  chairman: 

Jac.  H.  Tigelaar,  Haskelite  Manufacturing 
Co. 

Reservations  and  Registration: 

George  D.  Meier,  Chairman,  Haskelite  Man¬ 
ufacturing  Co. 

E.  Lago,  Fine  Arts  Furniture  Co. 

J.  H.  Christy,  Imperial  Furniture  Co. 

J.  H.  Vander  Vennen,  Vanderley  Bros.  Fur¬ 
niture  Co. 

Exhibits: 

A.  H.  Stuart,  Chairman,  John  Widdicomb 
Co. 

W.  E.  Martin,  Grand  Rapids  Varnish  Co. 

S.  W,  Tamminga,  Hekman  Furniture'  Co. 

F.  Atkinson,  Perkins  Glue  Co. 

Arrangements : 

J.  Bergsma,  Chairman,  Bergsma  Brothers 

C.  Hancock,  Borden  Company 
J.  B,  Imri^,  Imrie  Dry  Kiln  Co. 

J.  D.  Quist,  Chemist  (Consultant) 

Signs  and  Artwork: 

R.  H.  Dingman,  Chairman,  Klok  Institute 
J.  C.  Killebrew,  Forest  Products  Laboratory 

D.  G.  C.  Perry,  Klok  Institute 

7.  Report  of  the  Abstracting  Committee 

Your  chairman  takes  full  responsibility  for 
the  delay  in  starting  the  abstracting  service.  In 
building  a  program  of  this  type,  it  is  essential 
to  keep  mistakes  to  a  minimum  and  each  step 
must  be  thought  out  and  agreed  upon  in  ad¬ 
vance  by  all  members  of  the  Abstracting  Com¬ 
mittee,  and  some  of  the  steps  must  naturally 
have  the  approval  of  your  officers.  The  magni¬ 
tude  of  the  start  of  the  service  was  a  matter  of 
most  thorough  discussion  and  was  deliberately 
kept  small  in  order  to  keep  costs  in  bounds  and 
to  avoid  initiating  a  larger  program  than  the 
Society  could  maintain.  In  this  we  believe  we 
have  been  particularly  successful.  We  are  for- 
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tunate  in  having  the  services  of  the  following 
volunteer  abstractors: 

F.  W.  Guernsey  A.  J.  Snyder 

E.  S.  Harrar  A.  W.  Stout 

J.  E.  Lodewick  L.  C.  Wallace 

G.  G.  Marra  W.  B.  Wallin 

A.  J.  Panshin  F.  F.  Wangaard 

N.  V.  Poletika  R.  W.  Wellwood 

G.  J.  Ritter  W.  W.  Varossieau 

The  Society  and  this  Committee  owe  these 
gentlemen  a  sincere  vote  of  thanks  for  being 
willing  to  serve  without  fee  and  to  take  on 
this  pioneering  job  with  no  thought  of  reward 
other  than  having  offered  to  perform  a  worth¬ 
while  service  to  their  fellow  workers. 

Assignment  of  periodicals  to  be  abstracted 
presented  a  particularly  troublesome  problem, 
but  it  was  early  agreed  that  the  most  inacces¬ 
sible  literature  should  be  assigned  first  and 
that  for  the  initial  period  we  should  very 
sharply  limit  our  abstraction  to  the  direct  sub¬ 
ject  "forest  products.”  As  the  program  grows 
and  our  affluence  increases,  the  abstracting  will 
be  extended  to  the  many  other  worthwhile 
periodicals  in  related  fields  of  endeavor. 

The  abstracting  assignments  are  as  follows, 
in  the  order  of  their  agreed-upon  importance: 
General  Russian 
General  German 
General  European 
Australian  Timber  Journal 
Wood  (English) 

Reveue  Internationale  du  Bois 
Timber  of  Canada 
Paper  Trade  Journal 
Quarterly  Journal  of  Forestry 
Canada  Lumberman 
Lesnaya  Promishlenost 
Holztechnik  vereinigt  mit  Sperrholz 
Lesochimicheskya  Promishlenost 
UNASYLVA 

Forest  Products  News  Letter 
Timber  News 

To  date  there  h^ve  appeared  seven  abstracts. 
These,  as  you  know,  have  been  published  in  the 
Monthly  Bulletin,  beginning  with  the  January 
1949  issue.  The  Committee’s  appreciation  goes 
particularly  to  Messrs.  Guernsey,  Poletika, 
Preston  and  Wangaard  for  the  work  in  getting 
the  program  underway. 


The  work  to  date  has  been  done  with  the 
expenditure  for  subscriptions  of  only  about 
$25.00,  the  cost  of  subscriptions  to  six  journals. 
The  only  other  funds  spent  on  this  project 
have  had  to  do  wiith  that  part  of  the  Secre¬ 
tary’s  office  costs  which  may  rightly  be  as¬ 
signed  to  editing  the  abstracts.  Thus,  we  be¬ 
lieve  we  have  brought  the  program  to  a  suc¬ 
cessful  starting  point  with  a  very  minimum  of 
drain  on  our  Society.  We  also  believe  that  we 
have  laid  a  foundation  which  can  grow  uni¬ 
formly  and  logically. 

At  this  time  the  Abstracting  Committee 
would  welcome  all  constructive  conunents  and 
suggestions  for  operation  during  the  coming 
year  that  the  membership  may  wish  to  furnish. 

Respectfully  submitted, 

R.  M.  Brown 

I.  H.  ISENBERG 

J.  E.  Lode, WICK 

A.  J.  Panshin 

G.  J.  Ritter 

C.  B.  Hemming,  Chairman 

On  motion  duly  made  and  seconded  the  re¬ 
port  was  accepted  with  thanks  to  the  Committee 
Members. 

Discussion 

W.  W.  Varossieau  .(Central  Institute  for 
Testing  Materials,  'The  Hague,  Holland) :  Re¬ 
lating  to  the  work  of  the  Abstracting  Commit¬ 
tee,  the  following  points  may  be  considered: 

1.  A  list  of  abstracted  journals  should  be 
issued  from  time  to  time. 

2.  It  should  be  indicated  whether  these 
journals  are  abstracted  exhaustively  or  in- 
exhaustively  so  as  to  inform  the  user  of 
the  abstracts  whether  the  information 
taken  from  a  given  journal  is  complete  or 
not. 

3.  The  abstracts  should  be  published  in  a 
given  sequence  following  a  classification 
system.  Die  speaker  recommends  for  this 
purpose  the  Universal  Decimal  Classifica¬ 
tion  (U.D.C.)  sponsored  by  the  Inter¬ 
national  Federation  for  Documentation. 

4.  Indexes  to  abstracts  should  be  prepared 
in  order  to  increase  the  accessibility  of 
the  information  they  contain.  Without  in- 
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TH«s«  rott«n,  wmof*  wood«n  m^mb^rs  w«r«  r*« 
placed  with  Monsonto  P«nta>tr«ot*d  material. 


Wood  tronsformor  piotform*  brocos  ond  control 
box  commorciolly  trootod  with  Monsanto's  Ponto  and 
instoNod  for  stroot-lightino  systom,  Villago  of  Bolnor 
St.  Louis  County,  Mo. 


preservative 


(Santeph«fi  20) 


tages  of  Monsanto's  Pento — described  in  the 
booklet,  “PENTA...The  Best  Protection  for 
Poles  and  Crossarms.”  Send  for  your  free  copy 
today.  MONSANTO  CHEMICAL  COMPANY, 
Organic  Chemicals  Division,  1 792  South  Second 
St.,  St.  Louis  4,  Missouri. 

Santojthen:  Arg.  U.  S.  PaL,  O#. 


Treatment  with  Monsanto’s  Penta  will  add  years 
to  the  service  life  of  poles,  crossarms  and  struc¬ 
tural  woocf.  It  provides  long-lasting  protection 
against  decay,  termites  and  other  wood- 
destroying  insects,  yet  leaves  wood  CLEAN  and 
workable ...  Penta-treated  material  is  dark  or 
light-colored,  depending  upon  the  oil  solvent 
used.  In  either  case,  it  is  still  CLEAN  and 
non-staining. 

Monsanto’s  Penta  penetrates  thoroughly.  Pro¬ 
tection  stays  in  the  wood,  resists  leaching  by 
moisture,  remains  effective  under  high  humidity. 

Furthermore,  Penta  is  a  definite  chemical  entity 
— its  characteristics  are  always  constant,  always 
laboratory-controlled. 

Men  who  plan  or  maintain  transmission  lines  and 
wood  construction  quickly  recognize  the  advan-  serving  industry  . . .  which  serves  mankind 
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dexes  the  effort  put  into  preparing  ab¬ 
stracts  is  nude  in  vain. 

5.  The  abstracting  program  of  the  F.P.R.S., 
should  be  brought  in  line  with  the 
W.N.E.S.C.O.  program  on  Coordination 
of  abstracting  journals. 

8.  Report,  of  Publications  Committee 

The  Publications  Committee  is  glad  to  report 
on  this  occasion  regarding  its  activities  during 
the  past  year. 

As  in  the  first  year  of  our  existence,  the  Pub¬ 
lications  Committee  has  not  been  able  to  func¬ 
tion  in  the  manner  that  seemed  desirable  to  the 
Chairman  or  to  the  Executive  Committee.  Part 
of  the  reason  for  this  is  probably  the  fact  that 
the  Forest  Products  Research  Society  is  a  new 
group  and  in  any  new  group  developments  are 
such  that  it  is  usually  .not  possible  to  carry  out 
activities  as  outlined  or  according  to  schedule. 
Because  of  the  deadline  that  we  have  always 
had  to  meet  in  editing,  preparation  of  the  style 
standards,  and  other  activities  of  the  Publica¬ 
tions  Committee,  we  have  not  had  an  oppor¬ 
tunity  to  function  as  a  unit.  In  this  situation 
it  has  been  necessary  for  the  chairman  to  assume 
most  of  the  responsibility  for  getting  the  work 
of  the  Committee  done  without  in  most  cases 
being  able  to  consult  Conrunittee  members.  This 
has  been  the  case  particularly  in  connection 
with  the  preparation  of  Volumes  1  and  2  of 
our  Proceedings  and  in  the  review  of  papers 
preparatory  to  preprinting  them  for  this  meet¬ 
ing.  To  have  attempted  to  circulate  papers  to 
Publications  Committee  members  would  have 
resulted  in  failure  to  meet  the  deadlines  which 
had  been  set  up. 

The  job  of  editing  and  preparing  the  papers 
for  preprinting  has  been  considerable  and  the 
task  has  been  made  quite  a  bit  more  difficult  by 
the  fact  that  although  we  have  a  set  of  style 
standards  prepared  by  the  Publications  Com¬ 
mittee  not  all  of  the  individuals  invited  to  pre¬ 
sent  papers  on  this  program  followed  the  sug¬ 
gestions  included  in  the  Standard.  This  is  an 
item  that  definitely  needs  to  be  corrected  in  the 
future. 

As  a  result  of  the  experience  of  the  Publica¬ 
tions  Committee  during  the  past  two  years,  we 
recommend  to  the  Society  and  Executive  Com¬ 
mittee: 


1.  That  a  deadline  or  due-date  of  not  less 
than  two  months  prior  to  the  date  of  meeting 
be  placed  on  all  papers.  By  setting  such  a  dead¬ 
line  it  will  be  possible  for  the  Committee  really 
to  function  as  it  was  intended  to  do.  It  does 
not  seem  to  this  Committee  that  the  setting  of 
such  a  deadline  would  work  hardship  on 
authors  and  it  would  result  in  much  improved 
presentation  as  well  as  facilitate  editing. 

2.  We  recommend  further  that  when  the 
papers  are  received  by  the  Secretary  they  be 
sent  by  him  to  one  of  the  members  of  the  Pub¬ 
lications  Committee,  the  assignment  to  be  made 
on  the  basis  of  field  interest  of  the  Committee 
member  or  assignment  agreed  on  by  the  Secre¬ 
tary  and  the  Chairman  of  the  Committee.  Upon 
completion  of  the  review  by  the  Committee 
member  the  paper  will  be  sent  to  the  Chairman 
of  the  Publications  Committee  for  final  review 
and  then  to  the  Secretary  for  further  editing 
and  preprinting.  It  is  felt  that  in  this  way  a 
better  manuscript  can  be  presented  to  the 
printer  with  consequent  reduction  in  final 
printing  costs. 

3.  It  is  recommended  that  copies  of  the 
FPRS  Style  Standards  be  sent  to  all  individuals 
invited  to  present  papers  at  FPRS  meetings  or 
all  individuals  agreeing  to  prepare  manuscripts. 

It  is  felt  that  this  is  the  only  possible  way  by 
means  of  which  some  uniformity  can  be  ob¬ 
tained  in  the  style  of  papers  submitted  for  pub¬ 
lication  in  the  Proceedings.  As  you  may  recall, 
we  have  purposely  kept  our  Style  Standards  so 
simple  and  unencumbered  by  detail  that  it 
should  not  be  a  burden  for  anyone,  whether 
preparing  a  general  paper  or  one  based  on  in¬ 
dividual  research,  to  follow  the  standards.  Un¬ 
less  we  follow  this  procedure  and  insist  on  a 
reasonable  degree  of  conformity  with  our  Style 
Standards,  the  work  of  the  Publications  Com¬ 
mittee  will  always  be  unnecessarily  heavy  and 
the  costs  of  preprinting  and  printing  because  of 
lack  of  uniformity  in  detail  of  papers  will  be 
higher. 

4.  The  Publications  Committee  suggests  that 
the  Ekecutive  Committee  consider  the  value  of 
preprinting  papers  and  the  effect  of  the  availa¬ 
bility  of  such  preprints  on'attendance  and  par¬ 
ticipation  in  meeting!  It  seems  to  the  Publica¬ 
tions  Committee  that  it  would  be  desirable  to 
re-evaluate  this  whole  situation  and  consider 
whether  preprints  are  necessary  or  desirable  and 
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Me4AMPU2^  S-H 


—*1iUL  4ttod»>ut,  JttuU 

liai  b«*n  •tpacially  dasignad  far  oll-purpaia  wark  in 
imall  and  madiuni  liiad  mllU  and  faclariaa.  It  planat 
32  inchai  wida  and  ■  inchai  thick,  |ainti  4  inchat  thick 
and  wili  match  14  inchat  wida.  Frama  it  haavy  and  rigid. 
Four  6”  diamatar  faad  ralit  drivan  by  haavy  chaint 
and  machina  cut  tprockatt  giva  tpaadt  af 
30,  SO  and  7S  faot  par  minuta.  Cambi- 
nation  haadt  ara  ttandard  aguip* 
mant  an  tha  NiWMAN  •-». 


Newman  Machine  Co.,  Inc. 

Greensboro,  N.  C.,  U.  S.  A. 


,  MATCHER 
AND  HOLDER 


RED  BLANKET 
LUMBER  CO. 

Manufacturers  of 
OLD  GROWTH  DOUGLAS  FIR 
SAWMILLS  DRY  KILNS 

PLANING  MILL 

Sales  Agents: 

RED  BLANKET  LUMBER 
SALES 

EAGLE  POINT,  OREGON 


Your  requirements  are  our  constant  concern. 
Through  expansion  of  machinery  and  facili¬ 
ties  we  can  now.  offer — 


PLYWOOD  PRODUCTION 
FOR  YOUR  1950  NEEDS 

THICKNESS:  1/8"  to  1-1/16". 
CONSTRUCTION:  Rotary  or  Lumber  Core. 
SIZES:  Standard  up  to  96"  long  x  48"  wide. 

Dimension  sizes  in  many  cases. 

SPECIES:  Birch,  Gum,  Maple,  Mahogany, 
Oak,  Prima  Vera,  Walnut,  and  others. 
CUPBOARD  DOORS:  With  Poplar  lumber 
cores,  banded  two  sides. 


LEWIS  TAR  PRODUCTS 
COMPANY 

P.  O.  Box  A,  Lyons,  Ill. 

(Suburb  of  Chicago) 

W.  H.  LEWIS,  Pres. 

CREOSOTE  OILS 
CREOSOTE  COAL  TAR 
SOLUTIONS 

Made  To  Meet  All  Standard 
Specifications 

Dependable  Service — Tank  Cars 
or  Drums 

Plant  Located  in  Chicago  Switching  District 


497 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


whether  we  would  not  have  even  better  meet¬ 
ings  if  only  summaries  of  papers  were  available. 

Publications  Committee 

E.  A.  Behr 

J.  B.  Grantham 

F.  S.  Vogel 

*  F.  H,  Kaufert,  Chairman 

On  motion  duly  made  and  seconded  the  re¬ 
port  was  accepted  with  the  compliments  and 
appreciation  of  the  Society  for  a  job  well  done. 

9.  Report  of  Committee  on  Coordination 

of  Forest  Products  Research 

The  report  of  this  Committee  was  presented 
and  discussed  at  Technical  Session  V.  Upon 
motion  by  C.  D.  Dosker,  duly  seconded,  the 
acceptance  of  this  report  was  voted  by  the 
meeting.  The  report  will  be  published  with 
the  papers  of  Technical  Session  V. 

10.  Report  of  Resolutions  Committee 

Upon  motion  of  the  chairman  of  the  Reso¬ 
lutions  Committee,  the  following  resolutions 
were  adopted  by  the  meeting: 

.  (1)  Recognizing  that  much  of  the  success 
of  this  Third  Annual  Meeting  of  the  Forest 
Products  Research  Society  is  the  result  of  a 
great  deal  of  planning  and  hard  work  by  the 
responsible  committees  and  in  particular  by  the 
Grand  Rapids  Meeting  committees. 

Be  it  resolved  that  the  Society  hereby  ac¬ 
knowledge  its  appreciation  to  the  members  of 
these  committees  for  their  excellent  work. 

(2)  In  appreciation  of  the  services  that  they 
have  rendered  to  the  Forest  Products  Research 
Society  during  their  period  in  office. 

Be  it  resolved  that  the  gratitude  of  the  So¬ 
ciety  be  extended  to  the  following  outgoing 
officers  and  regional  board  members: 

Robert  A.  Cockrell 

Jac.  H.  Tigelaar 

Fred  W.  Gottschalk 

(3)  The  Society  records  with  regret  the  loss 
through  death  during  the  past  year  of  the  fol¬ 
lowing  members: 

Jack  M.  Bedford 

Grant  Dixon,  Sr. 

H.  D.  Marshall 

F.  X.  Neuhaus 

Herbert  S.  Phillipson 

G.  Victor  Treyz 

E.  A.  Throckmorton 


Be  it  resolved  that  this  expression  of  sym¬ 
pathy  to  the  families  and  friends  of  these  men 
be  included  in  the  permanent  records  of  this 
meeting. 

Resolutions  Committee 
E.  SiGURO  Johnson 
Don  W.  Walters 
Frederick  F.  Wangaard,  Chairman 

11.  New  Business 

No  new  business  was  presented. 

12.  Report  of  Tellers  Committee 

As  the  result  of  the  balloting  for  officers  for 
the  Forest  Products  Research  Society  for  1949- 
50  the  following  were  declared  elected: 

For  President:  Edward  G.  Locke,  Portland 
Oregon 

For  Pirst  Vice  President:  James  F.  Hamil¬ 
ton,  Lansdale.  Pa. 

For  Second  Vice  President:  Roy  M.  Carter, 
Raleigh,  N.  C. 

For  Northeast  Regional  Board  Member  (2- 
year  unexpired  term) :  C.  F.  Van  Epps, 
Rochester,  N,  Y. 

For  North-Central  Regional  Board  Member 
(3-year  term) :  Ralph  H.  Bescher,  Orr- 
ville,  Ohio 

For  Southwest  Regional  Board  Member  (3- 
year  term) :  L.  J.  Carr,  Sacramento,  California 

Attested  by  the  Tellers  Committee: 

Herbert  W.  Angell,  Chairman 
Eldon  A.  Behr 
Alfred  H.  Bishop 
Ellwood  S.  Harrar 
O.  Harry  Schrader,  Jr. 

13.  Installation  of  Officers 

On  assuming  charge  of  the  meeting,  the 
newly  elected  president,  Edward  G.  Locke,  ex¬ 
pressed  to  the  retiring  president,  George  A. 
Garratt,  the  appreciation  of  the  membership 
of  the  Society  and  the  Executive  Board  more 
particularly  for  the  excellent  leadership  and 
many  hours  which  he  had  devoted  to  the  So¬ 
ciety  during  the  past  year  and  made  a  report 
on  plans  for  the  next  National  Meeting,  to  be 
held  in  Portland,  Oregon,  June  25-29,  1950 

14.  Adjournment 

The  meeting  was  adjourned  at  3:00  p.  m. 
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three  proved  ways 

to  speed  pipod  production 

►  P-398  PlYOPHEN 

No.  6000  PLYOPHEN 
P-364A  BECKAMINE 


RCI  productf  rank  first  with  leading  ply* 
wood  producers  because  they  produce 
hrst-ra^  results.  Write  for  working  samples 
and  detailed  information  on  the  foUovring 
basics  of  better  plywood  manufacturing. 

P-398  Plyophen — Produces  hard  or  soft¬ 
wood  plywo^  or  veneers  of  utmost  water 
resistance  with  maximum  speed  at  mini¬ 
mum  temperature  and  pressure. 


No.  6000  Plyophen — Produces  a  bond 
resistant  to  boiling  and  practically  all 
solvents.  Cures  at  temperatures  as  low  as 
75°  F, 

P-364A  Bockomino — The  ideal  urea  ad'‘ 
hesive  for  panels  and  patches,  producing 
a  water-resistant  bond  ot  very  low  glue-line 
costs. 


REICHHOLD  CHEMICALS,  INC. 

Ganaial  OfBcM  and  Main  Plant,  Daboit  20,  Michigan 

Othai  Plants:  BrooklTn,  Naw  Tork  a  Elisabath,  Naw  larsay  a  South  San  Fioncisco,  Coliiornia 
Saattla,  Washington  a  Tuscaloosa,  Alabama  a  Lissrpool,  England  a  Paris,  Francs  a  Sydnay,  Australia 
Zurich,  Ssritiarland  a  Milan,  Italy  a  Busnos  Airss,  Argantina 

STMTHETIC  KESINS  •  CRE»aCAL  COLORS  •  PHENOLIC  PLASTICS  •  INDUSTRIAL  CHESOCALS 
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FOREST  PRODUCTS  INDUSTRY  SHOW- 


For  the  first  time  in  the  history  of  the  forest 
products  industry,  manufacturers  of  wood¬ 
working  machinery  and  equipment  and  allied 
products  gathered  together  to  display  their 
wares  at  the  Forest  Products  Industry  Show, 
sponsored  by  the  Society  in  conjunction  with 
the  1949  National  Annual  Meeting.  An  out¬ 
growth  of  the  table-top  exhibits  held  as  an 
added  feature  of  earlier  national  meetings,  this 
show  took  on  major  proportions,  with  more 
than  million  dollars  worth  of  equipment 
brought  from  all  parts  of  the  country.  An  esti¬ 
mated  4,000  persons  passed  through  the  show 
during  the  three  days  and  nights  that  it  was 
open;  admissioh  was  free  to  the  public  as  well 
as  to  members  and  guests  attending  the  tech¬ 
nical  sessions.  The  exhibit  floor  of  the  Grand 
Rapids  Civic  Auditorium  was  sold  out  as  76 
companies  totrfc  126  booths  for  their  displays. 
The  majority  of  the  machines  were  in  opera¬ 
tion  so  that  visitors  could  actually  watch  them 
go  through  their  paces — something  never  be¬ 
fore  possible. 

The  companies  that  had  exhibits  in  the  For¬ 
est  Products  Industry  Show  were: 

The  Louis  Allis  Co. 

Milwaukee  7,  Wisconsin 

American  Cyanamid  Co. 

New  York  20,  N.  Y. 

E.  C.  Atkins  and  Company 
Indianapolis,  Indiana 

Billantine  Industries 
Newark  2,  New  Jersey 

Bell  Machine  Company 
Oshkosh,  Wisconsin 

V.  Berthelson  E.igineering 
Joliet,  Illinois 

Borden  Company,  Chemical  Div. 

New  York  17,  New  York 

Buss  Machine  Works 
Holland,  Michigan 

Cam-Lock  Corporation,  Division  of  West¬ 
ern  Automatic  Machine  &  Screw  Co. 
Chicago,  Illinois 

Hugh  Courtright  and  Company 
Chicago  19,  Illinois 


Crescent  Machine  Foundry  &  Supply  Co. 
Rockwell  Manufacturing  Company 
Leetonia,  Ohio 

Curtis  Machinery  Corp. 

Jamestown,  New  York 

Delmhorst  Instrument  Co. 

Boonton,  New  Jersey 

DeLux  Saw  &  Tool  Company 
Chicago,  Illinois 

DeWalt,  Inc. 

Lancaster,  Pennsylvania 

G.  M.  Diehl  Machine  Works,  Inc. 
Wabash,  Indiana 

Durex  Plastics  &  Chemicals,  Inc. 

North  Tonawanda,  New  York 

Ekstrom-Carlson  Company 
Rockford,  Illinois 

Elmendorf  Research  Company 
Chicago,  Illinois 

Gardner  Dowel  Company 
Gardner,  Massachusetts 

Grand  Rapids  Dry  Kiln  Co. 

Grand  Rapids,  Michigan 

Grand  Rapids  Varnish  Co. 

Grand  Rapids,  Michigan 

Greenlee-Mattison  Sales  Co. 

Rockford,  Illinois 

Handy  Manufacturing  Co. 

Chicago  25,  Illinois 

W.  S.  Hawker  Sons  Mfg.  Co. 

Dayton  2,  Ohio 

Earle  Hart  Wood  Working  Machine  Co. 
Chicago  6,  Illinois 

Hart  Union  * 

Chicago,  Illinois 

Curt  G.  Joa,  Inc. 

Sheboygan  Falls,  Wisconsin 

Kaydel  Moisture  Gauge 
New  York  6,  New  York 

Kirk  and  Blum  Manufacturing  Co. 
Cincinnati  23,  Ohio 

Leitelt  Iron  Works 
Grand  Rapids,  Michigan 
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Lumber  Drying  Specialties  Co. 
Grand  Rapids,  Michigan 

Mall  Tool  Company 
Chicago,  Illinois 

Marcoloy,  Inc. 

Springdale,  Connecticut 

Mereen-Johnson  Machine  Co. 
Minneapolis,  Minnesota 

Marion  Machine  Foundry 
Marion,  Indiana 

Michigan  Pattern  Works 
Grand  Rapids  3,  Michigan 

Midwest  Manufacturing  Co. 

St.  Louis  19,  Missouri 

Moisture  Register  Co. 
Alhambra,  California 

Monical  Machinery  Company 
Grand  Rapids,  Michigan 

Monsanto  Chemical  Co. 
Springfield,  Massachusetts 

National  Casein  Sales 
Chicago  20,  Illinois 

Newcomb-Detroit 
Grand  Rapids,  Michigan 

Oakley  Company 
Bristol,  Tennessee 

Oliver  Machinery  Company 
Grand  Rapids,  Michigan 

Onsrud  Machine  Works,  Inc. 
Chicago,  Illinois 

Pearson  Sanding  Machine  Co. 
High  Point,  North  Carolina 
Perkins  Glue  Company 
Lansdale,  Pennsylvania 

Plaswood  Corporation 
Detroit,  Michigan 

Plycor  Company 
Chicago,  Illinois 

Porter  Machinery  Company 
Grand  Rapids,  Michigan 
Protection  Products  Company 
Kalamazoo  99,  Michigan 

Redco  Tools,  Division  of 
Red  Lion  Cabinet  Company 
Red  Lion,  Pennsylvania 


J.  S.  Richardson 
Sheboygan,  Wisconsin 

B.  M.  Root  Company 
York,  Pennsylvania 

Ross  Carrier 

Benton  Harbor,  Michigan 

Smithway  Machine  Company 
Seattle  8,  Washington 

Standard  Dry  Kilns  Company 
Indianapolis,  Indiana 

Stetson-Ross  Machine  Co. 
Seattle,  Washington 

Stevens  Machine  Company 
Grand  Rapids,  Michigan 

Tannewitz  Works 
Grand  Rapids,  Michigan 

Taylor  Manufacturing  Co. 
Poughkeepsie  7,  New  York 

Tower  Iron  Works 
Greenville,  Michigan 

Universal  Door  Carrier,  Inc. 
Indianapolis  2,  Indiana 

Veneer  Machinery  Company 
Grand  Rapids,  Michigan 

J.  D,  Wallace  &  Company 
Chicago  12,  Illinois 

Weltronic  Company 
Detroit,  Michigan 

Westinghouse  Electric  Corp. 
Pittsburgh,  Pennsylvania 

Baxter  D.  Whitney  &  Sons 
Winchendon,  Massachusetts 

Wisconsin  Knife  Works 
Beloit,  Wisconsin 

Wolverine  Finishes  Corp. 
Grand ‘Rapids,  Michigan 

Wood  Magazine 
Chicago,  Illinois 

Woodwelding,  Inc. 

Burbank,  California 

Wood  Working  Digest 
Wheaton,  Illinois 

Wysong  and  Miles  Company 
Greensboro,  North  Carolina 
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BETTER  WAYS  TO  BETTER  PRODUCTION 


Take  advantage  of  Greenlee's 
many  years  of  practical,  success¬ 
ful  experience  in  building  pro¬ 
duction  woodworking  machinery 
and  tools.  Greenlee’s  widely 
varied  line  can  serve  you  in 
many  profitable  ways,  whether 
your  shop  is  large  or  small.  In¬ 
quire  now  for  further  informa¬ 
tion  that  may  eliminate  costly 
operations  in  your  production. 

GREENLEE  BROS.  &  CO. 

GREENLEE  TOOL  CO. 

ROCKFORD,  ILLINOIS 


GREENLEE 


ACME  STEELSTRAP 

For  economical  and  effective  reinforc¬ 
ing  of  any  type  shipping  pack.  All 
standard  sizes  of  steel  strapping  and  a 
complete  line  of  strap-applying  tools 
are  available. 


Ooe 

Steeivtrap 
Symbol  of 
Acme 
service  to 
shippers. 


ACME  UNIT-LOAD 

The  modern  method  of  bracing  and  pro¬ 
tecting  carload  freight  in  box,  gondola, 
or  flat  cars.  A  complete  line  of  easy  to 
use  tools  and  strapping  are  available. 

Acme  Packing  and  Shipping  Specialists 
are  available  in  most  principal  cities. 

ACME  STEEL  COMPANY 

2840  Archer  Avenue,  Chlcato  8. 
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Attendance  List 

1949  National  Annual  Meeting, 

GRAND  RAPIDS,  MICHIGAN 
MAY  2,  3,  AND  4 

NORTHEAST  REGION 


CONNECTICUT 
New  Haven 

George  A.  Garratt,  Yale  School  of  Forestry 
John  L.  Hill,  Student,  Yale  School  of  Forestry 
S.  K.  Swamy,  Student,  Yale  School  of  Forestry 
F.  F.  Wangaard,  Yale  School  of  Forestry 

MAINE 

Fannineoa 

Donald  F.  Pierce,  Maine  Skewer  &  Dowel  Corp. 
Portland 

John  H.  Grant,  Jr.,  Burritt  Lumber  Sales  Co.,  Inc. 

MASSACHUSETTS 

Fitchburg 

Co.lins  B.  Newell,  Simonds  Saw  &  Steel  Co. 

Gardner 

Herbert  E.  Brooks,  Conant  Ball  Comnany 
Paul  R.  Neunherz,  Gem  Crib  &  Cr‘>dle  Company 
Peter  A.  Rahaim,  Gardner  Dowel  Company 
Granville 

Fred  Wackerbarth,  Wackerbarth  Box  Shop 
Holyoke 

George  W.  Carlson,  C.  F.  Church  Mfg.  Company 
Hyde  Park 

Howard  C.  Leslie,  BRE  Sanitary  Seat  Co^. 

J.  Wadsworth  White,  White  Manufacturing  Company 
Lawrence 

Harold  T.  Rhodes 

J.  W.  Bolton 
SpringMd 

E.  E.  Decker,  Monsanto  Chemical  Company 
Glen  Harris,  Monsanto  Chemical  Company 
Winchendon 

K.  O.  Brown,  Bixter  D.  Whitney  &  Son,  Inc. 

Elliot  D.  May,  Baxter  D.  Whitney  &  ^n,  Inc. 

Winthrop 

George  K.  McLean,  Park  wood  Corporation 
Worcester 

J.  A.  Christensen,  Consulting  Engineer 

MARYLAND 

Baltimore 

Donald  G.  Hatchard,  Westinghouse  Electric  Corp. 

NEW  BRUNSWICK 
Frederiaon 

Harris  E.  Videto,  University  of  N.  B. 

NEW  HAMPSHIRE 
Beecher  Falla 

Edwin  H.  Swinell,  Beecher  Falls  Company 
Durham 

Lewis  C.  Swain,  University  of  New  Hampshire 

Manchester 

Paul  H.  Graham,  National*  Hardwood  Magazine 

NEW  JERSEY 
Boontoa 

William  J.  Delmhorst,  Delmhorst  Instrument  Company 
Rid  ve  wood 

W.  Burdette  Wilkins,  Consulting  Engineer 
Rudolph  Willard,  Consulting  Engineer 
Riverton 

E.  E.  Bergey,  National  Casein  Company 
Robert  Cousins,  National  Casein  Company 


NEW  YORK 
Buffalo 

Jack  E.  D.  Batson,  Kittinger  Company 
Cattaraugus 

Richard  A.  Setter,  Setter  Brothers,  Inc. 

Ke.ineth  G.  Wooden,  Setter  Brothers,  Inc. 

Herkimer 

Robert  E.  Treskow,  Remington  Rand 
Jamestown 

Willgrd  V.  Fichtel,  Union-National,  Inc. 

New  York 

C.  W.  Johnson,  American  Cyanamid  Company 
Anders  ^ellgren,  American  Defibrator,  Inc. 

Jacques  Kohn.  Balsa  Ecuador  Lumber  Corp. 

E.  L.  Kropa,  Borden  Co.,  Chemical  Division 
Paul  H.  Kruse,  Merritt  Monsanto  Corp. 

W.  F.  Leicester,  The  Borden  Co.,  Chemical  Division 
Paul  H.  McCormack,  National  Adhesives  , 

Julius  Marashinsky,  Balsa  Ecuador  Lumber  Corp. 
Eugene  R.  O’Hare,  206  East  }0th  Street 
W.  Paul  Pincher,  Industrial  Woodworking 
Hirry  Hull  St.  Clair,  Hart  Moisture  Gauges,  Inc. 
Theodore  Steinway,  Steinway  &  Sons 

B.  B.  Wadsworth,  The  Borden  Co.,  Chemical  Division 

Niagara  Falls 

S.  L.  Wolf,  Carborundum  Company 
North  Tonawanda 

Leonard  E.  Cumming.  Rudolph  Wurlitzer  Company 
R.  E.  Dodd,  Durez  Plastics  &  Chemicals,  Inc. 

Ogdensburg 

James  B.  Dillingham,  Standard  Shade  Roller  Corp. 

Rochester 

Harold  L.  Charles.  Stronberg-Carlson  Company 

C.  F.  Van  Epps,  Stronberg^arlson  Company 
Salamanca 

R.  R.  Kiley,  Jamestown  Table  Company 
Syracuse 

A  H.  B’shop,  New  York  State  College  of  Forestry 
A.  B.  Rocknagel,  St.  Regis  Paper  Company 
David  P.  Thomas,  New  York  State  College  of  Forestry 
Robert  A.  Zabel,  New  York  State  College  of  Forestry 
Watertown 

Charles  R.  Wardwell,  Carthage  Machine  Company 
Webster 

Alan  A.  Marra,  iiO  Basket  Road 

ONTARIO 

Brantford 

Fred  Balshaw,  Waterous,  Ltd. 

Chesley 

Bruce  Krug.  Krug  Bros.  Co.,  Ltd. 

Howard  Krug,  Krug  Bros.  Co.,  Ltd. 

Medford 

A.  W.  Knight.  Knight  Manufacturing  Sc  Lumber  Co. 
Charles  Knight,  Knight  Manufacturing  ti  Lumber  Co. 
Ottawa 

D.  E.  Kennedy,  Forest  Products  Laboratory 
Preston 

P.  R.  Hilborn,  Preston  Furniture  Company 

PENNSYLVANIA 

Butler 

Donald  J.  Hanchett.  Koppers  Company,  Inc. 
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Wood  Products 
Give  Greater  Satisfaction 


treated  with 


J  chlorophenol 


PENTAchlorophenol,  one  of  the 
group  of  Dow  developed  industrial 
fungicides  and  germicides,  is  per* 
forming  outstanding  service  for 
the  lumber  industry  in  protecting 
poles,  crossarms,  fence  posts,  home 
and  general  structural  lumber 
against  attack  by  decay  and  ter* 
mites. 

Used  in  oil  solu¬ 
tions,  "PENTA”  can 
be  applied  by  pres* 
sure  impregnation 
for  sure  protection 


against  insea  and  fungus  attack. 
Wood  treated  with  PENTAchloro* 
phenol  is  clean  and  easily  handled 
by  workmen.  Properly  treated, 
such  wood  can  be  painted. 

PENTA  water  repellent  solutions 
are  also  available  that  help  main* 
tain  wood’s  dimensional  stability, 
preventing  warping 
and  checking.  These 
solutions  are  partic* 
ularly  indicated  for 
home  and  commer¬ 
cial  construction. 


THE  DOW  CHEMICAL  COMPANY 

MIDLAND  •  MICHIGAN 

N«w  Y«rfi  •  loit»ii  •  PfcUaMphio  •  Wmhlnglon  •  AHcinta  •  0»vl«ii^  •  MMl  •  Chlfy 
H.  LM(i(  •  Hemleii  •  San  Franctaco  •  Im  Aih»I»i  •  SaaMa 
Daw  Chamical  af  Canada,  UaiMad,  Toranta,  Canada 
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Lansdale 

James  P.  Hamilton,  Perkins  Glue  Company 
Lester 

Carl  Lusch,  Lester  Piano  M(g.  Co.,  Inc. 
Philadelphia 

Robert  P.  Hopkins,  Rohm  and  Haas  Company 
Pittsburgh 

D.  D.  Miller,  Westinghouse  Electric  Corp. 
Robert  L.  Perrin,  6934  Rosewood 

H.  R.  Sheppard,  Jr.,  Mellon  Institute 

Red  Lion 

I  D.  E.  Flinchbaugh.  Red  Lion  Cabinet  Co. 

t  Truman  Koch.  Red  Lion  Cabinet  Co. 

;  Richard  Pettigrew,  Red  Lion  Cabinet  Co. 

I  S.  S.  Sechrist.  Red  Lion  Cabinet  Co. 


Sewickley 

C.  W.  Farrier,  Gunnison  Homes,  Inc. 

State  Collen 

Newell  A.  Norton,  Pennsylvania  State  College 
Upper  Darby 

E.  E.  O’Brien,  Whipple  &  O’Brien 
Fred  C.  Simmons,  Northeast  Forest  Exp.  Sta. 
York 

B-nj-'min  M.  Root,  B.  M.  Root  Company 
William  M.  Stair,  B.  M.  Root  Company 

QUEBEC 

Gatineau 

Pit  U.  Desjardins,  International  Plywoods,  Dd. 

VERMONT 
Beecher  Falls 

Clinton  W.  Walker.  Beecher  Falls  Mfg.  Co. 


I 

5 

1 


jl; 

I 

I 


'i 

if 

I?* 
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SOUTHEAST  REGION 


ALABAMA 

Auburn 

Frederick  H.  Vogel,  Alabama  Polytechnic  Institute 
Birmingham 

Duane  L.  Kenaga,  Southern  Research  Institute 
Sheffield 

G.  H.  Bryson,  Bryson  Bedding  Company 

DELAWARE 

Bloomington 

Robert  L.  Krause.  Du  Pont  Company 
Wilmington 

J.  D.  Shaw,  E.  I.  Du  Pont  Company 
District  of  Columbia 

Frank  I.  Hanrahan.  National  Lumber  Mfrs.  Assn. 

C.  A.  Rishell,  National  Lumber  Mfrs.  Assn. 

G.  G.  Sward,  National'  Paint  Varnish  &  Lacquer 
Assoc. 

C.  P.  Winslow,  1900  Q  Street 


Morganton 

S.  C.  Styers,  Drexel  Furniture  Co. 

Siler  City 

I.  K.  Boling,  High  Point  Bending  &  Chair  Co. 

B.  S.  Clapp,  High  Po-nt  Bending  &  Chair  Co. 

1.  H.  Ellington,  High  Point  Bending  &  Chair  Co. 

C.  H.  Fox,  Stout  Chair  Company 
Ra’'eigh 

Roy  M.  Carter,  N.  C.  State  College 
Thomasvil'e 

C.  L.  White,  Sr.,  Thomasville  Chair  Company 
Wilmington 

G.  Colucci,  Southern  Box  &  Lumber  Co. 

SOU’TH  CAROLINA 
Hampton 

Thomas  H.  Vaughan,  Plywoods-Plastics  Corp. 
Sumter 

Julian  T.  Buxton,  Williams  Furniture  Corp. 


FLORIDA 

Lakeland 

Walter  Buehler,  University  of  Florida 

GEORGIA 

Austell 

W.  F.  Collar,  Austell  Cabinet  Company 

NORTH  CAROLINA 
Asheville 

J.  E.  Davison,  Margar  Manufacturing  Co.,  Inc. 

R.  A.  Hertzler,  U.  S.  Forest  Service 
Drexel 

Edwin  P.  Bounous,  Drexel  Furniture  Co. 

G.  V.  Chapman.  Drexel  Furniture  Co. 

Durham 

E.  S.  Harrar,  Drexel  Furniture 
Golasboro 

John  Lambert,  Kleemeiei^Norment-Lambert,  Inc. 
Lenoir 

R.  E.  Norment,  Kleemeier-Norment-Lamber,  Inc. 


VIRGINIA 

Altavista 

D.  W.  Fraser.  The  Lane  Company 
M.  O.  Carr,  'The  Lane  Company 

Blacksburg 

George  Stern,  Virginia  Polytechnic  Institute 
Orange 

W.  B.  O’Brien,  Snead  &  Company 
Richmond 

ames  R.  MacNeil,  Ma'Neil  Machinery  Co. 
ohn  I.  Norris,  Norris  Furniture  Corp. 

Salem 

E.  Sigurd  Johnson.  Consultant 

WEST  VIRGINIA 
Huntington 

C.  I.  Meisel,  Meisel  Machinery  Co. 
Morgantown 

George  G.  Marra,  West'  Virginia  University 
Rivesville 
David  V.  Foreste 


NORTH  CENTRAL  REGION 


ILUNOIS 

Chicago 

H.  W.  Angel,  American  Lumber  &  Treating  Co. 
Richard  C.  Art,  Wood  Magazine 
R.  F.  Babcock,  Jr.,  Masonite  Corporation 
Vern  G.  Bergquist,  National  Casein  Sales 
William  E.  Berkey.  Westinghouse  Electric  Corp. 
Judson  D.  Elston,  General  Box  Co. 

A.  L.  Fader,  A.  L.  Fader  &  Co. 

Arthur  E.  Gabriel,  Armour  Research  Foundation 
George  Gast,  George  Gast — Designer 

B.  E.  Gayiord,  Weyerhaeuser  Sales  Company 
R.  W.  Gerleman,  National  Casein  Company 
Clareo'-e  Goodman,  Deluxe  Saw  &  Tool  Co. 

Fred  W.  Gottschalk,  American  Lbr.  &  Treating  Co. 
Kenneth  K.  Graves,  Weyerhaeuser  Sales  Co. 
Burdett  Green,  American  Walnut  MIrs.  Assn. 
Joseph  He'ler.  A.  L.  Fader  Machine  Co. 

John  D.  Keane,  Armour  Research  Foundation 
John  W.  Kendri'-k,  Met-L-Wood  Corp. 

Frank  J.  Krai.  Wood  Industries  Control  Service 


Charles  M.  Kreider,  Elmendorf  Research,  Inc. 

Charles  P.  Lamson,  Earle  Hart  Woodworking  Machine 
Co. 

O.  C.  Lance,  National  Door  Mfrs.  Assn. 

R.  M.  McFarland.  Wood  Magazine 
A.  H.  Marten,  601  W.  80th  Street 
Karl  M.  Mitchell,  166  W.  Jackson  Blvd. 

David  B.  Morton,  Sandel  Mfg.  Co. 

Ray  Neuwelt,  Wood  Magazine 
Paul  D.  Newhouse,  Westinghouse  Electric  Corp. 
Harold  Olson,  Simonds  Saw  &  Steel  Company 
R.  F.  Onsrud,  Onsrud  Machine  Works,  Inc. 

R.  A.  Osten,  E.  I.  Du  Pont  de  Nemours 
ohn  F.  Piel,  Deluxe  Saw  &  Tool  Co. 
ohn  Reno,  Pacific  Lumber  Conmany 
herman  B.  Richardson,  National  Starch  Products 
Charles  H.  Rosberg,  J.  H.  Rosberg  Mfg.  Co. 

H.  Vander  Schilden,  Lake  Erie  En'^ineering  Corp. 

E.  J.  Schneider,  Engis  Equipment  Co. 

George  Sellers,  Aetna  Plywood  Sc  Veneer  Co. 

Lester  Stein,  Vogue  Furniture  Industries 
John  H.  Sweeney,  Aetna  Plywood  Sc  Veneer  Co. 
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NEW  Wood  Glue  Sets  25%  Faster 


vvcx)i>-LOK®  —  National’s  sensationally  successful 
liquid  ‘Resyn’  glue  — has  been  further  improved 
to  meet  the  demand  for  a  really  high-speed  wood 
glue  for  joint  assembly  operations.  It  takes  higher 
clamping  pressures  than  other  liquid  resin  glues . . . 
sets  faster . . .  and  provides  an  amazingly  strong 
bond  between  wood  and  wood  in  a  matter  of  15  to 
35  minutes  —  depending  on  the  type  of  wood  and 
its  moisture  content.  At  the  Del-Mar  Cabinet  Co. 

(see  cut),  WOOD-LOK  bonds  Fibreboard  to  wood  in 
45  minutes,  after  which  kitchen  cabinet  doors  can 
be  machined,  sprayed,  kiln  dried  and  assembled! 

wooD-LOK  comes  ready-to-use.  It  remains  in  a  joint.  Its  bond  is  resilient,  not  brittle.  It  resists 
usable  liquid  form  for  months  —  not  3  to  4  hours.  sharp  impacts,  wood-lok  adheres  wood,  Formica 
No  cooking,  heating  or  mixing.  It  provides  a  and  Masonite.  It  can  also  be  used  for  compressed 
humidity-resistant  bond  which  is  a  durable  resin  air  doweling. 

Write  for  a  sample  of  National’s  new  WOOD-LOK 
Q-3022.  Address:  270  Madison  Ave.,  New  York  16; 

3641  So.  Washtenaw  Ave.,  Chicago  32;  735  Battery 
St.,  San  Francisco  11,  and  other  principal  cities. 

In  CANADA:  National  Adhesives  (Canada)  Ltd., 

Toronto  and  Montreal.  In  ENGLAND:  National 
Adhesives,  Ltd.,  SLOUGH. 


ADHESIVES 


"Oliver^* 

Machines 

lor 

Boring 

Carving 

Jointing 

Sawing 

T  urning 

Milling 

Mortising 

Moulding 

Planing 

Routing 

Sanding 

Shaping 

T  enoning 


The  36-inch  Motor-on- 
Shaft  Band  Saw  is  out¬ 
standing. 


This  Double  Arbor  Universal  Tilt¬ 
ing  Saw  Bench  has  table  always 
horizontal.  Saw  tilts  to  45°.  Either 
rip  or  cross-cut  saw  instantly  avail¬ 
able.  Self  contained  Dust  Chute. 
Automatic  Elect.  Brake.  Precision 
Ball  Bearings. 


Grand  Rapids  2,  Michigan 
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Bitt  Thielges,  National  Casein  Co. 

C.  D.  Turley,  Illinois  Central  Railroad 
H.  K.  Unton,  Paper  Trade  Journal 
Robert  E.  Urban,  The  Foxboro  Company 
C.  R.  Van  Allen,  L.  R.  Van  Allen  Company 
H.  K.  von  Maltitz,  Plycor  Co.,  Div.  Earle  Hart  Wood¬ 
working  Company 

Robert  Writers,  West  Coast  Lumberman 
M.  B.  Wells,  Aetna  Plywood  &  Veneer  Co. 

Arlington  Heists 

George  J.  Carr,  Pacific  Car  &  Foundry  Company 
Decatur 

Charles  O.  Jones,  A.  E.  Staley  Mfg.  Co. 

De  Kalb 

Roy  C.  Newstedt,  The  Rudolph  Wurlitzer  Co. 
Evanston 

H.  B.  Puff,  Durez  Plastics  &  Chemical,  Inc. 

Jo*  let 

Kaj.  I.  Winther,  V.  Berthelson  Eng.  Works.  Inc. 

Kankakee 

Walter  M.  Schall.  Kroehler  Mfg.  Co. 

Metamora 

Jacob  Blachek,  Metamora  Woodworking  Co. 

Napcrrille 

George  L.  Gerber,  Kroehler  Mfg.  Co. 

Kenneth  Kroehler.  Kroehler  Mfg.  Company 
Harold  E.  Lee.  Kroehler  Mfg.  Company 

J.  O.  Taylor,  Kroehler  Mfg.  Company 
Paris 

P.  S.  Foley,  T.  A.  Foley  Lumber  Co. 

Prairie  View 

Matt  L.  Larson,  Earle  Hart  Woodworking  Machine  Ci. 
Rockford 

Ralph  G.  Franklin,  Greenlee  Bros.  Be  Co. 

Ro-k  Island 

Orl  Jungjohsn,  Rock  Island  Arsenal 

Willard  H.  Rundquist,  Rock  Island  Millwork  Co. 

J.  R.  Watkins,  Watkins  Patents,  Inc. 

Sterling 

W.  C.  Lahman,  Peerless  Level  &  Tool  Co. 

Urbana 

Donald  A.  Kulp,  University  of  Illinois 
Charles  S.  Watlers,  University  of  Illinois  ' 

Wheaton 

Ned  Bailey,  Hitchcock  Publishing  Co. 

Elsibeth  McDaniel,  Hitchcock  Publishing  Co. 
Winne&a 

Armin  Elmendorf,  Elmendorf  Research,  Inc. 
INDIANA 
Batesville 

R.  L.  Bere.  Hillenbrand  Associates 

W.  H.  Bierbusse,  The  American  Furniture  Co. 

R.  B  Brown,  Jr.,  16  Second  Street 
R.  W.  Green,  Union  Furniture  Co. 

George  H.  Ricks.  Rom  Weber  Industries 
A.  F.  Weisenbach,  Hillenbrand  Associates  * 
Bloomfield 

Paul  H.  Young 
Decatur 

John  H.  Gividen.  Dunbar  Furniture  Mfg.  Co. 

Ft.  Warae 

W.  Kenneth  Noble,  The  Noble  Machinery  Co. 
Indianapolif 

R.  D.  Brooks.  E.  C.  Atkins  Be  Co. 

Richard  H.  Elliott,  Standard  Dry  Kiln  Co. 

H.  C.  .Frost,  University  Door  Carrier,  Inc. 

^hn  P.  Herzog,  University  Door  Carrier,  Inc. 

C.  E.  Overman,  E.  C.  Atkins  Be  Company 
Daniel  W.  Shattuck,  Universal  Door  Carrier,  Inc. 
Jasper 

N.  E.  Thyen,  Jasper  Wood  Products  Co. 

NapMnee 

John  F.  Coppes,  Coppes,  Inc. 

Robert  I.  Copws,  Coppes,  Inc. 

Delbert  Fox,  Coppes,  Inc. 

New  Castle 

Delbert  Cline,  Jesse  French  Be  Sons 
South  Bend 

William  W.  Burk,  Singer  Mfg.  Co. 

C.  J.  Reed,  Singer  Mfg.  Co. 

Se)inour 

Richard  L.  Burkhart.  National  Veneer  Be  Lumber  Co. 


Wabash 

C  em  Coady,  G.  M.  Diehl  Machine  Co. 
Henry  Dillon,  G,  M.  Diehl  Machine  Co. 

A.  Ewan,  G.  M.  Diehl  Machine  Co. 

C.  L.  Hanchett,  G.  M.  Dir  hi  Machine  Co. 
Max  D.  Pretorius,  G.  M.  Diehl  Machine  Co. 


K.  J.  Heinzelman,  Union  Tool  Corp. 
West  Lafayette 

J.  Hugo  Kraemer,  Purdue  University 


IOWA 

Ames 

Dwight  W.  Bensend,  Iowa  State  College 
Clinten 

F.  F.  Beil,  Curtis  Company,  Inc. 

Edward  A.  Patton,  Curtis  Company,  Ific. 
Dubuque 

F.  H.  Bertsch,  Northome  Furniture  Co.,  Inc. 
Robert  F.  Loetscher,  Farley  Be  Loetscher  Mfg.  Co. 


MINNESOTA 

Ar'ado 

Clifford  Larson,  Minnesota  Be  Ontario  Paper  Co. 
Bayport 

Melvin  Solheim,  Andersen  Corporation 
Hibbing 

Lynn  Sandberg,  State  of  Minn. — Iron  Range  Resource 
Minneapolis 

Vannet  C^rlons,  A.  T.  Rydell,  Inc. 

Edmund  Rydell,  A.  T.  Rydell,  Inc. 

North  Minneapolis 

Charles  R.  Johnson,  Mereen-Johnson  Machine  Co. 
Pine  River 

A.  J.  Johnson,  Durkee  Mfg.  Co. 

Helmar  Jones,  Durkee  Mfg.  Co. 

Stillwater 

Thomas  H.  Fredrickson,  Andersen  Corporation 
St.  Paul 

J  J.  Allegretti,  Masonite  Corp. 

Frank  Kaufert.  University  of  Minnesota 
M.  C.  Neel,  Rilco  Laminated  Products 
William  J.  Witherspoon,  Weyerhaeuser  Sales  Co. 


MICHIGAN 

Adrian 

J.  C.  Campbell,  Kewaunee  Mfg.  Co. 

Robert  A.  Stobbe 
Allegan 

Dannis  O'Meara,  Furniture  Masterpieces 
Ann  A*bor 

James  A.  Branstrom,  Student,  2700  S.  Wagner  Road 
Robert  Craig,  Jr.,  Prof  .  University  of  Michigan 
Guillermo  Durana,  Student,  University  of  Michigan 
Frank  J.  Heidler,  Heidier  Hardwood  Lumber  Co. 
Miguel  A.  Hernandez-Agosto,  Student,  University  of 
Michigan 

Billy  N.  James,  Student,  University  of  Michigan 
lames  D.  Kelly,  Student,  University  of  Michigan 
Norman  H.  Kroll,  Student,  University  of  Michigan 
Louis  E.  Lecheler  Student.  University  of  Michigan 
Btiliss  Meinnis,  Student,  University  of  Michigan 
Ross  V.  Martin,  Student,  University  of  Michigan 
Robert  N.  Milham,  Student,  University  of  Michigan 

L.  Kenneth  Morse,  Student,  University  of  Michigan 
Jose  Gonzalez  Muzguiz.  Student,  University  of  Michjgan 
Alfredo  Parra  Reyes,  Student,  University  of  Michigan 
lames  Portz,  Student,  University  of  Michigan 
Piul  R.  Schilge,  Student.  University  of  Michigan 
Harold  D.  ^runger.  Student.  University  of  Michigan 
Hirold  E.  Worth,  Student.  University  of  Michigan 
lohn  P.  Veen.  Student.  University  of  Michigan 
Roberto  Villasenor.  Student,  University  of  Michigan 
Beulah 

Cecil  Hawkins.  Timber  Products  Co. 

Big  Rapids 

Kent  Hanchett.  Hanchett  Mfg.  Co. 

William  F.  Sack,  Hanchett  Mfg.  Co. 

Bimingham 

Keith  P.  Alcorn.  Rohm  Be  Haas  Co. 

Cad'llac 

Harvey  M.  Baker.  Cadillac  Plywood.  Div.  of  Ply.  Inc. 
C.  R.  Guilford,  Cadillac  P'ywood  Co. 

Louis  F.  Nord.  Cadillac  Plywood  Co.,  Div,  of  Ply 
wood.  Inc. 

Charloae 

Darrell  E.  Johnson,  L.  L.  Johnson  Lumber  Co. 
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Some  Common  Sense 

ABOin  WOOD 
PRESERVATIVES 


THE  BARRETT  DIVISION 

AUIID  CHIMICAl  A  DYI  CORPORATION 
40  Rector  Street,  New  York  6,  N.  Y. 


The  choice  of  a  wood  preservative  is  a  serious 
matter  in  these  days  of  high  lumber  costs.  Proved 
results,  rather  than  novelty,  are  the  prime 
consideration. 

That  is  why  America’s  leading  railroads  and 
utilities  continue  to  rely  on  Creosote  Oil  for  the 
protection  of  their  multi-million  dollar  investments 
in  ties,  poles  and  structural  timber. 

Pressure  treatment  with  Creosote  Oil  is  a  standard 
method  of  wood  preservation  that  has  been  used 
successfully  under  practically  all  conditions  for 
more  than  100  years. 

During  that  time,  it  has  proved  its  effectiveness 
beyond  the  shadow  of  a  doubt.  Properly  applied, 
it  regularly  extends  the  working  life  of  wood  from 
3  to  5  times,  and  often  longer. 

It  is  by  far  the  most  widely  used  wood  preservative 
in  the  world.  ' 

When  and  if  a  better  preserving  method  is 
developed,  to  the  point  where  it  can  be  recommended 
to  large  users  of  lumber,  Barrett  will  sponsor 
it.  At  present,  upon  the  basis  of  our  half- 
century  of  wood-preserving  experience, 
we  unqualifiedly  recommend  Creosote 
oil  as  the  most  reliable  safeguard 
of  your  lumber  investment. 


•  Res.  U.S.  Pat.  Off. 


FP  6-17-49  V-J 


P.0. 1869  Adl89-A 
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Dearborn 

Leroy  Born,  24443  McDonald  St. 

Detroit 

Gilbert  P.  Cardwell.  Westinghouse  Electric  Corp. 

Ray  C.  Conner,  Vickers,  Inc. 

Harry  Crump,  Ctrbo.oy  Co..  Inc. 

J.  S.  Gillespie,  Carboioy  Co.,  Inc. 

George  W.  Hood.  The  Chemiseal  Co. 

James  R.  Kelley,  De  Walt.  Inc. 

Gene  D.  Lamont,  Reichhold  Chemicals,  Inc. 

D.  W.  McArthur.  Re  chho  d  Chemicals 
Charles  T.  Montgomery,  4216  Lawton 
T.  W.  Noble,  Consultant 

Robert  E.  Snyder,  571  W.  Rohinwood 
W.  F.  Spinnegan,  Monsanto  Chemical  Co. 

Dexter 

Robert  E.  Ware,  R.  F.  D.  No.  1 
Dutton 

Lewis  Good,  Good  Lumber  Co. 

East  Lansiu 

Melvin  Brown,  Student,  Michigan  State  College 
Dale  W.  Chaney,  Student,  Mi^igan  State  College 
R.  C.  De'kert,  Associate  Prof.,  Mirhigan  State  College 
Charles  R.  Eilber,  Student,  Michigan  State  College 
John  K.  Guiher.  Instructor,  Michigan  State  College 
Richard  T.  Jarvis,  Graduate  Student,  Michigan  State 
College 

George  M.  Johnson,  Student.  Michigan  State  Co'lege 
Reese  C.  Kennedy,  Student,  Michigan  State  College 
DaVid  Lowrey.  Student.  Michigan  State  College 
Milford  D.  McKimmy.  Student,  Michigan  State  College 
Thorne  Longsworth,  Student,  Michigan  State  College 
Walter  C.  OMillion,  Student,  Michigan  State  College 

A.  J.  Pinshin,  Prof..  Mirhigan  State  College 
Ralph  H.  Parsons,  Student,  Michigan  State  College 
W.  C.  Rindel,  Asst.  Prof..  Michigan  State  College 
Robert  Petro,  Student,  Michigan  State  College 
Dickhaus  Reynold,  Student.  Michigan  State  College 
Edward  Rogers,  Student,  Michigan  State  College 
No'man  F.  Smith.  Mi''higan  Demt.  of  Conserv-ition 
Davis  M.  Schroeder,  Student,  Michigan  State  College 
Anthony  J.  Skomski.  Student.  Michigan  State  College 
James  K.  Tew.  Student,  Michigan  State  College 

T.  C.  Weill,  Student.  Michigan  State  College 
John  L.  Zoller,  Student,  Michigan  State  College 
East  Tawas 

B.  C.  Christeson,  Anderson  Coach  Company 
Flint 

W.  A.  Gardner,  Bui'k  Motor  Div.  GMC 
Otto  G.  Peterson.  B'lick  Motor  Div.  GMC 
Frank  L.  Short,  Buick  Motor  Co.,  GMC 
Grand  Ledge 

K.  B.  Neuenfeldt,  Grand  Ledge  Chair  Co. 

Grand  Rapids 

George  H.  Applegate.  Travis-Ajjp'egate  Co. 

H.  A.  Arens,  Grand  Rapids  Chair  Co. 

Fred  Atkinson,  Perk-ns  G'ue  Co. 

P.  V.  Atkinson,  Ashly  Veneer  &  Lumber  Co. 

Bert  Baker.  Grand  Rapids  Chair  Co. 

Victor  S.  Barnes,  Victor  S.  Barnes  &  Co. 

I.  Bergsma,  Bergsma  Brothers,  Inc. 

Kenneth  Bergsma.  Bergsma  Brothers,  Inc. 

W’Piam  Blik.  Widdicomb  Furniture  Co. 

Herbert  C.  Bolhouse,  Hekman  Furniture  Co. 

L.  D.  Brower,  Evans  &  Re'ting  Lumber  Co. 

E.  F.  Chinnow,  American  Seating  Co. 

Alexander  L.  Clark,  Student  Klok  Institute 
R.  Clay.  American  Seating  Co. 

H.  H.  Coll,  Chris-Craft  Co. 

lohn  L.  Davidson,  Aetna  Plywood  &  Veneer  Co. 

R.  L.  Davis,  American  Seating  Co. 

I.  B  Deane,  Gunn  Furniture  Co. 

D.  De  Muth,  American  Seating  Co. 

Maynord  De  Vries,  Stow-D'vis  Furniture  Co. 

H.  De  Young.  American  Seating  Co. 

Raymond  H.  Dingman.  Instructor.  Klok  Institute 
Henry  Duiven,  Johnson  Furniture  Co. 

Carl  Forslund,  Student,  333  E.  Huron 
Claude  E.  Fryling,  Johnson  Furniture  Co. 

Robert  Garella,  Irwin  Seating  Co. 

H.  C.  Geen.  F.  M.  Curran  &  Assoc. 

E.  Gorby,  American  Seating  Co. 

P.  Hallstedt,  American  Seating  Co. 

C.  P.  H'ncook.  The  Borden  Co.,  Chemical  Div. 

C.  Han-sh,  American  Seating  Co. 

R.  Haydon,  American  Seating  Co. 

Ben  Heetberks,  Grand  Rapids  Chair  Co. 

C.  M.  Highstrete.  American  Seating  Co. 

Roy  Hough,  Student.  Klok  Institute 

A.  Howes.  American  Seating  Co. 

WiUiam  W.  Irwin,  Irwin  Seating  Co. 

Earl  Johnson,  Johnson  Furniture  Co. 


Stewart  C.  Johnson,  Johnson  Furniture  Co. 

B.  Jurewicz,  American  Seating  Co. 

Victor  I.  Knies,  Student.  Klok  Institute 
Sam  W.  Tamminga,  Hekman  Furniture  Co. 

Albert  Teunis,  Grand  Rapids  Chair  Co. 

J.  H.  Tigelaar,  Haskelite  Mfg.  Corp. 

C.  C.  Travis,  Travis  Applegate  Co. 

H.  H.  Tremble,  American  Seating  Co. 

F.  C.  Van  Brunt,  Ameri.an  Seating  Co. 

W.  Van  Loo.  American  Setting  Co. 

W.  F.  Koehler,  Student.  Klok  Institute 
C.  J.  Kuenzel,  American  Seating  Co. 

Robert  C.  Lillie,  Johnson  Furniture  Co. 

Edward  McCready.  Grand  Rapids  Store  Equipment  C<> 
Roy  O.  Makela.  Stiles  Lumber  &  Veneer 
W.  E.  Martin,  Grand  Ripids  Varnish  Co. 

George  D.  Meier,  Haskelite  Mfg.  Co. 

Alan  G.  Moore,  Aetna  Plywood  &  Veneer  Co. 

Robert  C.  Moore,  Student,  Klok  Institute 
E.  B.  Morgan,  American  Seating  Co. 

Edward  Oele,  Gunn  Furniture  Co. 

Don-i'd  G.  C.  Perry,  Contract  Furniture  Co. 

C.  Perschke,  American  Seating  Co. 

Job*’  Peterson,  Student,  Un'vers-ty  of  Michigan 

A.  Plachecki,  American  Seating  Co. 

Charles  Prezkop,  Widdicomb  Furniture  Co. 

J.  Roman,  American  Se'ting  Co. 

A.  Rossman,  Grand  Ledge  Chair  Co. 

I.  M.  Rysdyk.  American  Seating  Co. 

B.  Schaendorf.  American  Seating  Co. 

Fred  Sedan,  Ameri'an  Seating  Co. 

C.  A.  S'mpson,  Hexton  Furniture  Co. 

Charles  R.  Sligh,  Jr.,  Charles  R.  Sligh  Co. 

E.  I.  Stevens.  The  Stanley  Works 

E.  Sub''OZ,  American  Se’ting  Co. 

S.  Switek.  American  Seating  Co. 

George  Wybenga,  Gunn  Furniture  Co. 

Hillman 

Carl  O.  E.  Basel 
Holland 

RolPn  Bush.  Furniture  Masterpieces,  Inc. 

M.  Everett  Dick,  Buss  Machine  Works 
Russel  Fredricks,  Chris-Craft  Corp. 

George  Glupper.  Buss  Machine  Works 
Wayne  F.  Hutchins.  B'ker  Furniture  Co. 

John  lander,  B-’ker  Furniture  Co. 
ay  H.  Petter,  Buss  Machine  Works 
O.  W.  S-’h’uz  Bayview  Furniture  Co. 

George  B.  Smith,  Chris-Craft  Corp. 

Houghton 

Carl  W.  Danielson,  Jr.,  Michigan  College  of  Mining 
&  Tech. 

Hereford  G''rland,  Director,  Forest  Products  Research 
Div  .  Mi'higan  Co'lege  of  Mining  &  Tech. 

Le'a''d  W.  Hooker,  Technologist,  Michigan  College  of 
Mining  &  Tech. 

Walter  H.  Koopp,  Fo'est  Products  Research  Div., 
Michigan  College  of  Mining  &  Tech. 

Iron  Mountain 

W.  G.  Nelson,  Ford  Motor  Co. 

Kalamazoo 

G.  G.  Garlick.  Protection  Products  Mfg.  Co. 

David  H.  Greene,  Otsego  Falls  Paper  Mills 
Lansing 

George  E.  Bil'ings,  Dept,  of  E''onomic  Development 
Ernest  Black,  B-'x  191.  Route  No.  2 
.Irhn  Hanson,  Michigan  Dept,  of  Conservation 
Albert  O.  Marshall,  325  Howe  Street 
Manistee 

Edward  J.  Burns,  Manistee  Manufacturing  Co. 
Manisticiue 

C.  S.  Slining,  North  woods  Mfg.  Co. 

Marquette 

R.  R  Ed^ar,  Kimber'y-Ciark  Corp. 

A.  W.  Goas,  Cliffs  Dow  Chemidl  Co. 

Henry  F.  Horton,  The  Prescott  Company 
Midland 

Ra’ph  H.  Goo'h,  Dow  Chemical  Co. 

Rus'e'l  E.  Korf’e.  1207  lerome  St. 

Fi-ed  J.  Vever.  Dow  Chemical  Co. 

Gearge  E.  O’son,  The  Dow  Chemical  Co. 

Jam'S  H.  Pear'e,  Dow  Chemical  Co. 

Frank  B.  Smith,  Dow  Chemical  Co. 

Monroe 

Herbert  L.  Grubl,  Consolidated  Paper  Co. 

Newberry 

Charles  A.  Zagelmeier,  Michigan  Pole  &  Tie  Co. 
Ontoaa'on 

Gerild  G.  Warrener,  Ontonagon  Chamber  of  Com 
merce 
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IN  WOOD 
TECHNOLOGY 


Wood  technology — intimate 
knowledge  of  its  physical  and 
chemical  qualities — is  a  devel¬ 
opment  of  modern  science. 
Through  daily  application  of 
that  technology,  WOOD  CON-. 
VERSION  COMPANY  creates 
new  and  useful  products  serving 
housing  and  industrial  fields. 


NU-WOOD  TUFFLEX 
BALSAM-WOOL 

WOOD  CONVERSION  CO. 

First  National  Bank  Bldg. 

St.  Paul  1,  Minnesota 


.  .  .  /or  66  years,  suppliers  of  wooden 
containers  to  Pacific  Coast  grow¬ 
ers,  shippers,  manufacturers. 

CALIFORNIA  BARREL 
COMPANY,  LTD. 

San  Francisco  Los  Angeles 

Salt  Lake  City 

All-bound  containers  •  Sawn  shook 
Veneer  covers  •  Barrels 

Exclusive  Distributors 

DUFF  CALIFORNIA  CO. 

100  Bush  Street 
San  Francisco  4,  California 


ORDER  FROM  THE  NEAREST  HARSHAW  BRANCH 


Copper  Naphthenote 

Solid  (11%  Cu)— Liquid  (8%  Cu) 

Zinc  Hophthenate 

Solid  (14%  Zn) — Liquid  (8%  Zn) 


Copper  Oleote  Solid 

(10%  Cu) 

Copper  Linoleate  Solid 

(10%  Cu) 


Copper  Resinate  Precipitated  Copper  Hydrate 

(9%  Cu)  (63%  Cu) 


THE  HARSHAW  CHEMICAL 

1945  E.  97lh  Street,  Cleveland,  Ohio 

BRANCHES  IN  PRINCIPAL  CITIES 


Clikago  •  ClncinnoM  •  OcfroH  •  Houston  •  Los  Angolos  •  rhilodolphio  •  Pittsburgh  •  Now  York 


ft  • 
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Pidcford 

Raymond  E.  Garrett,  William  Bonifas  Lumber  Co. 
R.  E.  McCraney,  William  Bonifas  Lumber  Co. 
Plymouth 

Henry  H.  Hees,  Jannison  Wright  Corp. 

Royal  Oak 

H.  F.  Beaver,  Big  Beaver  Specialty  Co. 

Sparta 

Ivan  Schneider,  Schneider  Bros.  Lumber  Co. 

Marvin  Schneider,  Schneider  Bros.  Lumber  Co. 
Yp^anti 

Robert  L.  Youngs.  Student,  University  of  Michigan 
Zeelatui 

Fortunato  Delgado,  The  Herman  Miller  Co. 

D.  J.  De  Free,  Herman  Miller  Furniture  Co. 

Hugh  De  Free,  Herman  Miller  Furniture  Co. 

Max  O.  De  Free,  Herman  Miller  Furniture  Co. 
Duke  Gebbon,  Herman  Miller  Furniture  Co. 


OHIO 

Arcfabold 

Verden  L.  Beck,  Sauder-Woodworking  Co. 

Floyd  D.  Erbskorn,  Sauder  Woodworking  Co. 

Edgar  D.  Sauder,  Sauder  Woodworking  Co. 

Erie  Sauber,  Sauder  Woodworking  Co. 

Orval  D.  Sauder,  Sauder  Woodworking  Co. 

Bedford 

James  R.  Crawmer,  B.  L.  Marble  Chair  Co. 

Celina 

Roger  H.  Clapp,  Morsman  Bros.  Corp. 

R.  J.  Miller,  Morsman  Bros.  Corp. 

Cincinnati 

H.  E.  Everley,  Appalachian  Hardwood  Mfg.,  Inc. 
William  F.  Lakamp,  The  Baldwin  Co. 

John  Schulte,  Diehl  Machine  Works 
Qereland 

Stephen  W.  Benedict,  The  Master  Builders  Co. 

Carl  J.  Lerch,  White  Sewing  Machine  Corp. 
Andrew  J.  Roskavich.  W'hite  Sewing  Machine  Corp. 
Columbus 

George  H.  Barr,  Buckeye  Screen  Co. 

Ralph  K.  Day,  Central  States  Forest  Exp.  Station 
D.  B.  Frampton,  Jr..  D.  B.  Frampton  &  Co. 

Elyria 

John  P.  Denne,  Western  Auto.  Mach.  Screw  Co. 

J.  E.  Ellison.  Western  Auto.  Mach.  Screw  Co. 

T.  H.  Thrush,  Western  Auto.  Machine  Screw  Co. 


Gallipoli's 

Robert  Houck,  Wood  Novelty  Shop 
Leetonia 

Ray  C.  Du  Brueg,  Crescent  Machine  Div. 
McArthur 

James  Clyde  English.  The  Baker  Wood  Press  Co. 
Mansfield 

R.  B.  Stowell,  Sun  Glow  Furniture  Co. 

Marietta 

Leon  W.  Hall,  Brickwede  Bros.  Co. 


Orrvilte 

R.  H.  Bescher,  Koppers  Co.,  Inc. 

J.  A.  Schantz,  Schantz  Organ  Co. 

Painesville 

K.  L.  Spieldenner,  Forest  City  Material  Co. 
Pettisville 

Dan  Lantz,  Sauder  Mfg.  Co. 

Springfield 

John  W.  Natwick,  The  Bauer  Bros.  Co. 

C.  K.  Textor,  Bauer  Bros.  Co. 


Swanton 

George  Pilliod,  Pilliod  Cabinet  Co. 
Toledo 

C.  E.  Walter,  Plaskon  Co. 


WISCONSIN 

Appleton 

Harry  F.  Lewis,  Institute  of  Paper  Chemistry 
Irving  H.  Isenberg,  Institute  of  Paper  Chemistry 

Beloit 

Henry  E.  Cockrill,  Wisconsin  Knife  Works 
Byron  E.  Coon,  Wisconsin  Knife  Works 
Rust  F.  Gray,  Wisconsin  Knife  Works 

Green  Bay 

William  K.  Schlegel,  Monsanto  Chemical  Co. 
Hartland 

Robert  L.  Hiller,  American  Cyanamid 


Kiel 

R.  J.  Gabourie,  A.  A.  Laun  Furniture  Co. 

Eugene  Thieleke,  A.  A.  Laren  Furniture  Co. 

Madison 

Lee  W.  Crandall,  Prof.,  University  of  Wisconsin 

E.  M.  Davis,  Technologist,  Forest  Products  Laboratory 
M.  E.  Dunlap,  Engineer,  Forest  Products  Laboratory 
H.  Fehn,  Forest  Products  Laboratoiv 
George  M.  Hunt,  Director,  Forest  Products  Laboratory 
Raymond  C.  Rietz,  Forest  Products  Laboratory 
Waldo  M.  Sands,  Technologist,  Forest  Products  Lab 
oratory 

Theodore  C.  Scheffer,  Pathologist,  Forest  Ptoduct> 
Laboratory 

W.  E.  Schowalter,  Technologist,  Forest  Products  Lab 
oratory 

C.  E.  Van  Hagan,  Forest  Products  Research  Society 
Marshfield 

Leonard  A.  Ropella,  Roddis  Plywood  Corp. 

Stanley  F.  Stevens,  Roddis  Plywood  Corp. 

Milwaukee  * 

M.  F.  Aynes,  The  Louis  Allis  Co. 

John  Claude,  Hanchett  Manufacturing  Co. 

John  M.  Lange,  Lange  Bros.  Woodworking  Co. 

R.  G.  Lange,  Lange  Bros.  Woodworking  Co. 

E.  C.  Poundstone.  3227  W.  Wells  Street 
Neenah 

Frank  Leslie,  William  Bonifas  Lumber  Co. 

New  London 

W.  S.  Park,  American  Plywood  Corp. 

OsUoth 

William  M.  Grimes,  A.  L.  Fader  &  Co. 

Pethtigo 

M.  C.  Hanisch,  Jr.,  Unit  Structures,  Inc. 

J.  C.  Van  Dyke,  Unit  Structures,  Inc. 

PoR  Washington 

Douglas  H.  Bostwick,  The  Wisconsin  Chair  Co. 
Howard  B.  Bostwick,  The  Wisconsin  Chair  Co. 
Sheboygan 

A.  H.  Barrows,  Dillingham  Mfg.  Co. 

F.  K.  Bemis,  Bemis  Mfg.  Co. 

lohn  Bru^ink,  Phoenix  Chair  Co.  \ 

Elmer  C.  Dickerson,  Frost-Veneer  &  Plywood  Co. 

W.  A.  Ellinger,  Ellingers 
Two  Rivers 

J.  Paul  Ahlbrandt,  Hamilton  Manufacturing  Co. 

C.  S.  O'Neil.  Hamilton  Manufacturing  Co. 
WateRown 

Dan  Milunovich,  G.  B.  Lewis  Co. 


SOUTH  CENTRAL  REGION 


ARKANSAS 


Kenneth  G.  Chesley,  Crossett  Lumber  Co. 

KENTUCKY 
Beaver  Dam 

C.  T.  Young,  Young  Hardward  Co. 

Livermore 

Oliver  Newberry,  Green  River  Chair  Co. 

K.  J.  Meyer,  Jr.,  The  Green  River  Chair  Co. 
Louisri'le 

S.  W.  Anderson,  Anderson  Woodworking  Co. 
Serge  A.  Bim,  Consulting  Engineer 
C.  U.  Dosker,  Gamble  Brothers  Co. 


S.  H.  Durst,  Gamble  Brothers  Co. 

Edward  Gray,  Girdler  Corp.,  Thermex  Div. 

W.  L.  Hoge,  Jt.,  William  L.  Hoge  &  Co. 

C.  T.  Lanham,  Lanham  Hardwood  Flooring  Co. 

Z.  O.  Price,  William  L.  Hoge  tc  Co. 

John  F.  Young,  Girdler  Co^..  Thermex  Div. 

LOUISIANA 
Hammond 

R.  M.  Alexander,  Woodworking  Consultant 
New  Orleans 

Roswell  D.  Carpenter,  Forest  Utilization  Service. 
Southern  Forest  Exp.  Station 
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***<i  nothing  but  Sf 
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SUftdnid 


Crompton  &  Knowles  Loom  Works 

EsKcimvc  OrrtcBS 
WoHCBSTBK  I.  Mass. USA. 


Knauu 


standard  Dry  Kd"  ^ 
rug«  induatry. 


'Wa'ro  now  inttalling  two  mora. 


chair 
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W.  F. 

SOUTH 
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h*  hard 
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more 
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WISCONSIN 


VULCAN 


•ell  city 
Tbll 

Praia. 
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^urnitore 


NOIANA 


•'Twenty-tiv®  years 
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798  S.  HARDING  STREET  •  l|IDI ANAPOLIS.  INDIANA 
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MISSISSIPPI 

Jackson 

ohn  C.  Hamil,  Mississippi  Products.  Inc. 
ohn  E.  Griftth,  Mississippi  Products.  Inc. 

Laurel 

Robert  M.  Boehm.  Masonite  Corporation 

MISSOURI 

Springfield 

C.  A.  Bissman.  C.  A.  Bissman  Mfg.  Co. 

St.  Louis 

Henry  J.  Dentzman.  C  &  E  I  Railroad 
H.  A.  Kreilick.  Midwest  Mfg.  Co. 

A.  A.  Ladon.  Midwest  Mfg.  Co. 

D.  B.  Mabry.  T.  J.  Moss  Tie  Company 

OKLAHOMA 

Stillwater 

Edward  R.  Linn.  Prof.,  Oklahoma  A  &  M  College 

TENNESSEE 

Chattanooga 

Hadley  Jacobs.  The  Wheland  Company 
M.  W.  Moore.  Cavalier  Corp. 

Lee  Pope.  III.  Tennessee  Products  tc  Chemical  Corp. 


Fountain  City 

I.  C.  Burroughs.  4709  N.  Broadway 
Knoxville 

John  E.  Rose.  D.  M.  Rose  &  Company 
Memphis 

E.  A.  Behr.  Chapman  Chemical  Co. 

Eskill  Corneliussen,  %  Nickey  Brothers.  Inc. 

C.  H.  Cowan.  Men^his  Machinery  &  Supply  Co.,  Inc. 
Charles  Latimer,  Nickey  Brothers,  Inc. 

Roy  B.  Peterson,  Branyan  &  Peterson 
Russell  C.  Stadelman,  Nickey  Bros.,  Inc. 

Richard  O.  Wilson,  Earle  Hart  Woodworking  Machine 
Co. 

Nashville 

Stanley  Horn.  Jr.,  Southern  Lumberman 
Norris 

William  N.  Darwin,  Tennessee  Valley  Authority 


TEXAS 

Lufkin 

Woodrow  W.  King,  Texas  A  &  M  College 


NORTHWEST  REGION 


IDAHO 


Moscow 

Everett  L.  Ellis,  University  of  Idaho 


Sandpoint 

D.  L.  Haynes,  Pack  River  Lumber  Co. 


MONTANA 

Missoula 

I.  V.  Anderson,  Forest  Utilization  Service,  Northern 
Rocky  Mountain  Forest  &  Range  Experiment  Station 

OREGON 

Corvallis 

W.  I.  West,  Oregon  State  College 
Portland 

GeoKe  F,  CornwalL  The  Timberman 
A.  C.  Knauss,  U.  S.  Forest  Service 
Edward  G.  Locke,  U.  S.  Forest  Service 
C.  E.  Rozema,  Rohm  &  Haas  Co. 

WASHINGTON 

Centralia 

L.  H.  DaviKOurt,  Linscott  Mfg.  Co. 


C.  C.  Heritage,  Weyerhaeuser  Timber  Co. 

Pullman 

E.  B.  Parker,  State  College  of  Washington 
Tacoma 

Arthur  E.  Gruhl,  Fir  Door  Institute 

John  D.  Ritchie,  Douglas  Fir  Plywood  Assn. 

Seattle 

W.  E.  Crosby,  West  Coast  Lumberman 
Bror  L.  Grondal,  College  of  Forestry,  University  of 
Washington 

W.  R.  Moffitt,  The  Borden  Co.,  Chemical  Div. 
Henry  N.  Riiso,  Star  Machinery  Co. 

O.  Harry  Schrader,  Jr.,  University  of  Washington 
Stan  Smith,  Smithway  Machine  Co.,  Inc. 

Spokane 

Don  W.  Walters,  Inland  Empire  Industrial  Research 

BRITISH  COLUMBIA 
Vancouver 

Clark  F.  McBride,  Forest  Products  Laboratory 
Donald  S.  Smith,  British  Columbia  Research  Council 
Robert  W.  Wellwood,  University  of  British  Columbia 


SOUTHWEST  REGION 


CALIFORNIA 

Alhambra 

John  R.  Barnes,  Moisture  Register  Co. 
B.  D.  Curtis,  Moisture  Register  Co. 


Berkeley 

Robert  A.  Cockrell,  University  of  California 

L.  N.  Ericksen,  California  Forest  Experiment  Station 


os  Angel 

Harold 


W.  Jones.  Frank  E.  Jones  Machinery  Corp. 


Axel  V.  Pedersen,  Economy  Farm  Structures 
Roscoe  C.  Walls,  Belvedere  Mfg.  Co. 

Sacramento 

L.  J.  Carr,  L.  J.  Carr  &  Company 
Dale  W.  Halsell,  L.  J.  Carr  Co. 

Joseph  N.  Sears,  L.  J.  Carr  Co. 

San  Francisco 

Sherman  A.  Bishop,  California  Redwood  Assoc. 
Ray  E.  Shreck,  Union  Lumber  Co. 


OUTSIDE  THE  UNITED  STATES  AND  CANADA 


ENGLAND 
Wem,  Shropshire 

Eric  Wadsworth  Isherwood,  Albert  Isherwood  &  Com¬ 
pany,  Ltd. 


Chester 

G.  R.  Jacob, 


J.  R.  Gordon  &  Company 


HOLLAND 
The  Hague 

Dr.  W.  W.  Varossieau,  117  Ant.  Duyckstr 

SWEDEN 

Stockholm 

Lars  Birkner,  Boliden  Mining  Co. 


HAWAU 


SWITZERLAND 


Honolulu 

John  Kretzu,  Hawaiian  Furniture  Mfg.,  Ltd. 


Usher 

H.  P.  LenzIinger,  Lenziinger  Sohne 


OTHERS 

In  addition,  17  ladies  attended  the  President’s  Reception, 
the  ladies  field  trips,  luncheon,  etc.,  during  the 
1949  National  Annual  Meeting. 
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there  IS  A  ^ycLEWELD 

CEMENT 

FOR  ALL  SANDWICH  PANELS 

AND  A  NEW  PANEL  FABRICATION  TECHNIQUE 


SKINS 

LAMINATED  PLASTIC 
WOOD  VENEER 
PLYWOOD 
METALS 


CORES 

CYCLECORE  FIGURE  "8" 
SPONGE  RUBBER 
HONEYCOMB 
PLYWOOD 
CORK 


CHRYSLER  CORPORATION,  DETROIT  31,  MICH 


Dependable 

WOOD  WORKING  MACHINERY 

Rip  Saws 
Veneer  Splicers 
Veneer  Jointers 
Moulders 

Glue JointersmEdge  Moulders 
Cut-Off  Saws 
Cutters  and  Cutter  Heads 
Cutter  Grinders 
Saw  Sets  •  Glue  Pots 

Write  for  literature 

The  G.  M.  DIEHL  MACHINE  WORKS,  Inc. 

WABASH,  INDIANA,  U.  S.  A. 
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Directory 

July  1949 


OFFICERS— 1949 


EXECUTIVE  OFFICERS 


President 

EDWARD  G.  LOCKE 
Chief,  Forest  Utilization  Senrice 
Pacific  Northwest  Forest  &  Range 
Experiment  Station 
Portland,  Oregon 

First  Vice-President 
JAMES  F.  HAMILTON 
Technical  Service  Director 
Perkins  Glue  Company 
Lansdale,  Pennsylvania 

Second  Vice  President 
ROY  M.  CARTER 
Professor,  Forestry  Division 
North  Carolina  State  College 
Raleigh,  North  Carolina 

Past-President 
GEORGE  A.  GARRATT 
Dean,  School  of  Forestry 
Yale  University 
New  Haven,  Connecticut 


Aetna  Plywood  and  Veneer 
Co.  1340s 

(John  H.  Sweeney.  Engineer), 

17J1  Elston  Ave., 

Chicago  22,  Illinois 

Allis-Chalmers  Manufacturing 

Co.  1508s 

(R.  K.  Prince,  Manager.^  Wood 
Processing  Machinery  Section), 

Box  512. 

Milwaukee  1,  Wisconsin 

American  Box  Corporation  I6l6s 

(P.  M.  I  Cowbrough,  Resident  Mgr.) 
Lakeview,  Oregon 

American  Creosoting  Company  1765s 
(C.  C.  Kuehn) 

401  W.  Main  Street 
Louisville  2,  Kentucky 

American  Defibrator  Inc.  1149s 

(Uno  Lowgren,  Pres.), 

405  Lexington  Ave., 

New  York  17,  New  York 

American  Lumber  &  Treating 
Co.  1043s 

(Fred  W.  Gottschalk,  Technical  Di¬ 
rector) 

322  South  Michigan  Avenue 
Chicago  4,  Illinois 

American  Marietta  Company,  Adhes¬ 
ive,  Resin  &  Chemical  Div.  1553s 
(Donald  V.  Redfern,  Technical  Dir.), 
34(X)  Thirteenth  Ave.,  S.  W. 

Seattle  4.  Washington 

Baker  Furniture,  Inc.  384s 

(Hollis  S.  Baker,  President), 
Exhibitors  Building, 

Grand  Rapids  2,  Michigan 


Sccreta  ry-T  reasurer 
CHARLES  E.  VAN  HAGAN 
^x  2010  University  Station 
Madison,  Wisconsin 


REGIONAL  BOARD 
MEMBERS 


Northeast 


C.  F.  VAN  EPPS 


Materials  Engineer!^  Department 
Stromberg-Carlson  (^mpany 
Rochester,  New  York 


North-Central 
RALPH  H.  BESCHER 
Manager,  Technical  Department 
Wooo  Preservation  Division 
Koppers  Company,  Inc. 

Orrville,  Ohio 


Northwest 

ROBERT  D.  PAULEY 
Manager,  Development  Department 
Weyerhaeuser  Timber  Company 
Longview,  Washington 


MEMBERS— SUPPORTING 

The  Baldwin  Coimiany'  1206s 

(Lucien  Wulsin,  Pres.), 

1801  Gilbert  Ave., 

Cincinnati  2,  Ohio 

The  Barrett  Division  1338s 

Allied  Chemical  &  Dye  Corp. 

(R.  L.  Cammann,  V.  P.), 

40  Rector  St., 

New  York  6,  New  York 

Bloedel,  Stewart  &  Welch, 

Ltd.  1316s 

(Prentice  Bloedel,  Pres,  and  Treas.), 

904  Standard  Bldg., 

Vancouver.  British  Columbia 

Borden  Company,  Chemical 
Division  342s 

(W.  F.  Leicester,  President) 

350  Madiso.1  Ave. 

New  York  17,  New  York 

Bradley  Lumber  Company  of 
Arkansas  1087s 

(O.  Hilton,  President) 

Warren,  Arkansas 

British  Columbia  Forest  Service  89s 
(C.  D.  Orchard,  Chief  Forester), 
Victoria,  British  Columbia 

British  Columbia  Lumber  Manufac¬ 
turers  Association  1178s 

(L.  R.  Andrews,  Secy  .-Mgr.), 

817  Metropolitan  Bldg., 

737  W.  Hastings  St.. 

Vancouver.  British  Columbia 

E.  L.  Bruce  Co.  231s 

(C.  Arthur  Bruce,  Exec.  V.  P.), 

Box  397. 

Memphis,  Tennessee 

516 


Southeast 

CARL  A.  RISHELL 
Director  of  Research 
National  Lumber  Manufacturers  As¬ 
sociation 

Washington,  D.  C. 

South-Central 

KENNETH  G.  CHESLEY 
Director  of  Research 
Crossett  Lumber  Company 
Crossett,  Arkansas 

Southwest 

L.  J.  CARR 

General  Manager 

L.  J.  Carr  ancT Company 

Sacramento,  California 


Buckeye  Screen  Sc  Weatherstrip 
Company  1203s 

(George  H.  Barr,  Pres,  and  Gen. 
Mgr.). 

1365  South  Ohio  Avenue 
Columbus  6,  Ohio 

California  Cedar  Products 
Co.  1292s 

(Robert  E.  Partch,  V.  P.  &  Treas.) 
Box  528, 

Stockton,  California 

California  Redwood  Association 
(B.  F.  Wade)  1482s 

405  Montgomery  Street 
San  Francisco  4,  California 

Wm.  Cameron  Sc  Co.,  Inc.  1291s 
(Frank  F.  Stevens,  Exec.  V.  P.  and 
Gen.  Mgr.), 

2400  Mary  Street 
Waco,  Texas 

Canadian  Forest  Products 

Limited  1716s 

Hohn  G.  Prentice,  V.  P.  and  Secy.) 
Foot  Braid  Street 
New  Westminster,  B.  C. 


L.  J.  Carr  &  Company  1171s 

(L.  J.  Carr,  General  Manager) 

Box  1282,  65th  Sc  R  Streets 
Sacramento,  California 


Cascade  Pacific  Lumber  Co. 
(John  J.  Helm,  Manager) 
319  Pacific  Bldg., 

Portland  4,  Oregon 


Cascades  Plywood  Corp.  1628s 

(Charles  W.  Fox.  V.  P.) 

1016  Public  Service  Building 
Portland  5,  Oregon 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Be  VO" 

ment  i»  included  m  inev - 
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^rep^i«r‘S^c&- 


WOOD  WORKING  DIGEST 

A  HITCHCOCK  PUBLICATION 

WHEATON,  ILL _ PHONE  3400 
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Cavalier  Corporation  1499$ 

(W.  G.  Raoul,  Engr.), 

Chattanooga  2,  Tennessee 

The  Champion  Paper  &  Fibre 
Co.  1177s 

Canton  Division  (Then  H,  Davis, 
Research  Forester), 

Canton,  South  Carolina 

The  Connor  Lumber  and  Land 
Co.  "92s 

(G.  R.  Connor,  Mgr.  Michigan  Di¬ 
vision), 

Wakefield,  Michigan 

Peter  Cooper  Cowration  1221s 
(G.  W.  Grace,  Technical  Rep.) 

1455  No.  Magnolia  Ave., 

Chicago,  Illinois 

Crane  Mills  1166s 

(H.  R.  Crane,  President) 

Box  536 

Coming,  California 

Crawford  Furniture  Mfg. 

Corp.  2034$ 

(Clyne  Crawford,  President) 

957  Allen  Street 
Jamestown,  New  York 

Crossett  Lumber  Co.  421s 

(Kenneth  G.  Chesley,  Director  of 
Research) 

Crossett,  Arkansas 

Curtis  Companies  ,  Incorporated  1498s 
(Merle  W.  Baker,  Research  Engr.), 
114  Twelfth  Ave.  South, 

Clinton,  Iowa 

Deer  Park  Pine  Industry,  Inc.  1313s 
O-  H.  Leuthold,  Pres.  8c  Gen.  Mgr.), 
tSeer  Park,  Washington 

Dierks  Lumber  &  Coal  Co.  1180s 
(Frederick  M.  Dierks,  Exec.  Engr.), 
Mountain  Pine,  Arkansas 

Douglas  Fir  Plywood 
Association  1151s 

(N.  S.  Perkins,  Technical  Dir.), 
301  Tacoma  Bldg., 

Tacoma  1,  Washington 

The  Dow  Chemical  Company  1559s 
(Frank  B.  Smith,  Technical  Service 
and  Development  Div.), 

Midland,  Michigan 

Downingtown  Manufacturing 
Co.  1381s 

(Harry  C.  Merritt.  V.  P.), 
Downingtown,  Pennsylvania 

Draper  Corporation  1213s 

(W.  C.  Lewison,  Resident  Mgr.), 
Beebe  River,  New  Hampshire 

The  Dunbar  Furniture  Mfg. 

Co.  1165s 

(John  H.  Gividen,  Exec.  V.  P.), 
Etcrne,  Indiana 

Eatonville  Lumber  Company  75s 

(G.  E.  Karlen.  General  Manager), 

'll  Tacoma  Building, 

Tacoma  2.  Washington 

Everett  Piano  Company  1212s 

(George  H.  Stanley,  Pres.). 

Indiana  Ave.  8c  blkenburg  St.. 

South  Haven,  Michigan 

Exchange  Sawmills  Sales  Co.  1214s 

(R.  B.  White.  Pres.), 
nil  R.  A.  Long  Bldg., 

Kansas  City  6,  Missouri 


MEMBERS— SUPPORTING 

Firpine  Products  Company  1152s 
(R.  A.  Holmes,  Partner), 

525  Corbett  Bldg., 

Portland  4,  Oregon 

J.  J.  Fitzpatrick  Lumber 
Co.  483$ 

(Lawrence  J.  Fitzpatrick,  Pres.) 

3230  Universi^  Avenue 
Madison  5,  Wisconsin 

Forest  Products  Treating  Co.  1195s 
(W.  E.  Doan.  Gen.  Mgr.), 

824  Pittock  Block. 

Portland  5,  Oregon 

Fox  Bros.  Manufacturing  Co.  1075s 
(Charles  F.  Paul.  Pres.  Sc  Gen. 
Mgr.) 

2717  Sidney  St., 

St.  Louis  4,  Missouri 

Frick  Company  1467s 

(D.  Norris  Benedict,  Pres,  and  Gen. 
Mgr.). 

W.  Main  St.. 

Waynesboro.  Pennsylvania 


Fyles  8c  Rice  Company,  Inc.  1131s 
(Delbert  M.  Stearns,  Pres.), 

Bethel,  Vermont 


Great  Lakes  Lumber  and  Shipping 
Limited,  Lumber  Division  1650s 
(J.  N.  Swinden,  Manager) 

Box  398 

Fort  William,  Ontario 


Greenlee  Tool  Co. 

(A.  H.  Hawkinson, 
Manager) 

2136  Twelfth  St., 
Rockford,  Illinois 


1175s 
Asst.  Sales 


Gunnison  Homes,  Inc.  1132s 

Subsidiary  U.  S.  Steel  Corp. 

(Wm.  J.  Messingschlager,  Director 
Product  Development  Dept.), 
Charleston  Road, 

New  Albany,  Indiana 


Hammond  Lumber  Company  1179s 
(James  Smith), 

Eiox  2138,  Terminal  Annex, 

Los  Angeles  54.  California 

Heywood-Wakefield  Co.  1204s 

(Richard  N.  Greenwood,  Pres.), 

206  Central  Street 
Gardner,  Massachusetts 


Edward  Hines  Lumber  Co.  1304s 
(T.  R.  Coffin,  M^r.  Production  and 
Engineering  Division) 

2431  South  Wolcott  Avenue 
Chicago  8,  Illinois 

The  Hofft  Company,  Inc.  2244$ 
(H.  C.  L.  Miller,  President) 

914  Capitol  Street 
Richmond,  Virginia 

Holt  Hardwood  Company  1134s 

(D.  S.  DeWitt,  V.  P.), 

Oconto,  Wisconsin 

Homelite  Corporation  1182s 

(Nelson  Thompson.  V.  P.), 

67  Riverdale  Ave., 

Port  Chester,  New  York  , 

William  Hulbert  Mill 
Company  1156$ 

(W.  G.  Hulbert,  Jr.,  Secy.) 

12th  and  Bayside 
Everett,  Washington 

Ivory  Pine  Company  1223s 

(E.  P.  Ivory.  V.  P.  and  Gen.  Mgr.), 
724  Main  St. 

Klamath  Falls,  Oregon 


Johnson  8c  Carlson  1319$ 

tC.  E.  Carlson,  Treas.), 

M8-864  Eastman  St.. 

Chicago  22,  Illinois 

Ketchikan  Spruce  Mills  1215s 

(Milton  J.  Daly,  Pres.), 

Ketchikan.  Ala»a 

KiekfJaefer  Corporation  1216s 

(A.  A.  Hauser,  Sales  Representative), 
210  Western  Ave., 

Cedarburg,  Wisconsin 

The  Kirk  and  Blum  Mfg.  Co.  1153s 
(R.  J.  Blum,  Jr.,  V.  P.). 

2850  Spring  Grove  Ave., 

Cincinnati  25.  Ohio 

Koppers  Company,  Inc.,  1133s 

Tar  Products  Division 
(George  A.  Wagner,  Mgr.,  Creosote 
and  Pitch  Sales), 

1201  Koppers  Bldg., 

Pittsburgh  19,  Pennsylvania 


Kroebler  Manufacturing  Co.  1527s 
(Walter  Schall,  Supt.  of  Engrg.) 
Kankakee,  Illinois 

Kynell  Industries,  Inc.  1401s  1 

(A.  F.  Kynell.  Pres.), 

Blaine,  Washington 

J.  M.  LaiKaster,  Inc.  1147s 

(George  W.  Lancaster,  V.  P.  and 
Assistant  Manager) 

P.  O.  Box  962 
Highpoint,  North  Carolina 

Lightsey  Brothers  1384s 

(Oswald  Lightsey,  Co-Owner  and 
Manager) 

Miley,  South  Carolina 


The  Long  Bell  Lumber  Co.  1540s 
(T.  E.  Heppenstall,  Chief  Production 
Engineer) 

Box  1079. 

Longview,  Washington 

Louisiana  Long  Leaf  Lumber 
Co.  1154s 

(P.  A.  Bloomer.  V.  P.), 

Fisher,  Louisiana 

MacMillan  Industries,  Ltd.  1599s 

Plywood  Division 

(H.  W.  Peck,  Chief  Chemist) 

Box  340 

Vancouver,  Canada 

MacWilkins,  Cole  8c  Weber  2261s 
(Don  Dawson,  Account  Executive) 
712  Corbett  Building 
Portland  4,  Oregon 

Marathon  Corporation  1109$ 

(D.  C.  Everest,  Pres,  and  Gen. 
Mgr.). 

Rothschild,  Wisconsin 

Memphis  Hardwood  Flooring 
Co.  1135$ 

(R.  F.  Sharp,  Manager), 

1591  Thomas  St., 

Memphis  10,  Tennessee 

Mereen-Johnson  Machine  Co.  2250s 
(C.  R.  Johnson) 

4401  Lyndale  Avenue,  North 
Minneapolis  12,  Minnesota 

Monsanto  Chemical  Company  552s 
(R.  W.  Towne,  Coordinator  Biolog¬ 
ical  Chemicals  Group  Developn^nt 
Dept.  Organic  Chemicals  Div.),' 
1700  S.  Second  St., 

St.  Louis  4,  Missouri 
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Is  No  Bettor  Then  Its 
Cutter  Head  Equipment ••• 

Actually,  a  woodworking  machine  is  the  immediate 
“power  plant"  for  the  cutter  head  equipment  it  utilizes. 
When  you  specify  Badger  cutter  head  equipment,  you 
know  that  your  machines  are  equipped  for  safe,  effi¬ 
cient  operation ...  that  you  are  getting  full  value 
from  your  machines  in  terms  of  productive  capacity 
and  fine  workmanship. 


ueandliieKfyoftt 


SnainuM  iviktM/ooclwvtkuia 


WISCONSIN  KNIFE  WORKS 


. 1 


CUTTER  HEADS 


BADGER 


KNIVES 


BELOIT,  WISCONSIN 


A  futi  Hns  or  whllos,  colors, 
coofod,  oncoolod  and  spoclofs. 


RED  STREAK  TAPES 

A  full  linu  Including  Sualing, 
Hollands,  Vonoor,  Slay,  Cfofh 


and  Insulation. 


CHICAGO 
608  S  Dearborn 


ST.  LOUIS 
3739  Olive  S( 


SEATTLE 

2416  first  St 


SAN  FRANCISCO 

420  Market  St. 


NEW  YORK 

lot  Park  Ave 
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Mosinee  Paper  Mills  Coim>any  1580s 
(N.  S.  Stone,  V.  P.  and  C^n.  Mgr,), 
Mosinee,  Wisconsin 

D.  J.  Murray  Manufacturing 
Co.  1987s 

(C.  E.  Staky,  Exec.  V.  P.-Gen.  Mgr.) 
1002  Third  Street 
Wausau,  Wisconsin 

National  Association  of  Furniture 
Manufacturers  1481s 

(J.  C.  McCarthy,  Secy.), 

Room  2140 — 666  Lake  Shore  Dr. 
Chicago  11,  Illinois 

National  Tank  &  Pipe  Company 
(Ray  C.  Hansen,  Mgr),  1175s 

2401  S.  Columbia  Bird. 

Portland  5,  Oregon 

J.  Neils  Lumber  Company  1466s 
(Paul  Neils,  President) 

1500  American  Bank  Building 
Portland  5,  Oregon 

Newport  Industries.  Inc.  1480s 

Robert  W.  Harding,  Forester) 

Box  848 

DeQuincy,  Louisiana 

Northwest  Furniture  Manufacturers* 
Association  1574s 

(Arthur  M.  Carney.  Exec.  Secy.), 
1805  Northern  Ijfe  Tower, 

Seattle  1.  Washington 

The  Ohio  Knife  Co.  1557s 

(J.  B.  Randolph,  Pres.), 

B.  &  O.  RR.  &  Dreman  Avenue 
Cincinnati  25,  Ohio 

Oregon  Lumber  Company  1194s 

(A.  C.  Lighthall,  Jr.). 

Drawer  591, 

Baker,  Oregon 

Oval  Wood  Dish  Corp.  1497s 

(Gerald  P.  Hull,  Pres.), 

120  Demars  Blvd., 

Tupper  Lake,  New  York 

Pack  River  Lumber  Co.  •l600s 

(D.  L.  Haynes,  Chemical  Engr.) 

Box  510 

Sandpoint,  Idaho 

Perkins  Glue  Co.  1517s 

(James  F.  Hamilton,  Technical  Serv¬ 
ice  Dir.), 

Lansdale,  Pennsylvania 

Philco  Corporation  4l0s 

(R.  C.  Fraunberger,  Manager  Forest 
Products  Division) 

Tioga  &  C  Sts., 

Philadelphia  54,  Pennsylvania 

Plaskon  Division  1768s 

Libbey-Owens-Ford  Glass  Co. 

(R.  C.  Hesselbart,  Technical  Service 
Department) 

2112-24  Sylvan  Avenue 
Toledo,  Ohio 

Potlatch  Forests.  Inc.  I6l7s 

(H.  Z.  White,  Research  Engr.) 
Lewiston,  Idaho 

Powell  River  Company, 

Limited  1220s 

(H.  Andrews,  Technical  Dir.), 
Powell  River,  British  Columbia 

Rhinelander  Paper  Company  2060s 

iKarl  W.  Fries.  Tech.  Dir.) 
Rhinelander,  Wisconsin 


MEMBERS— SUPPORTING 


Rilco  Laminated  Products,  Inc.  1026s 
(M.  C.  Neel,  Chief  Engr.). 

1st  National  Bank  Bldg., 

St.  Paul  1,  Minnesota 


D.  M.  Rose  &  Company  1148s 

(D.  Morton  Rose,  Jr.), 

Box  478, 

Knoxville  4,  Tennessee 


Scott  Lumber  Company,  Inc.  1450s 
(Raymond  H.  Berry,  V.  P.  and  Gen. 
Mgr.). 

Burney.  Shasta  Co.,  California 


Sears,  Roebuck  and  Company  1948s 
Beiger,  Prod.  Engr.) 

Department  817  Library 
Homan  and  Arthington 
Chicago  6,  Illinois 

H.  &  A.  Selmetj  Inc.  2077s 

(Delbert  G.  Cline,  Development 
Engineer) 

1617  "1”  Avenue 
New  Castle,  Indiana 


Simpson  Logging  Company  1465s 
(C.  J.  Macke.  V.  P.). 

Shelton,  Washington 

W.  T.  Smith  Lumber 
Company  1488s 

Hulian  F.  McGowin), 

Chapman,  Alabama 

Southern  Wood  Preserving  Co.  1150s 
(J.  A.  Vaughan.  Research  Engr.), 

P.  O.  Station  A, 

Atlanta,  Georgia 

A.  G.  Spalding  &  Bros.  Inc.  1205s 
(James  N.  Tynan,  Chief  Wood  Tech¬ 
nician), 

Chicopee,  Massachusetts 


Harry  Hull  St.  Clair 

Han  Moisture  Gauges,  Inc. 

126  Liberty  Street 

New  York  6,  New  York 

892s 

Standard  Dry  Kiln  Company 
(John  B.  Welch.  V,  P.), 

798_  South  Harding — Box  5708 
Indianapolis  21,  Indiana 

1224s 

Sta-Warm  Electric  Company  1185s 
(Hamilton  P.  Viets,  Sales  Mgr.), 

555  N.  Chestnut  St., 

Ravenna,  Ohio 

Stetson-Ross  Machine  Company  1662s 
(F.  A.  Nicholson,  Chief  Engineer) 
Seattle,  Washington 

Stimson  Lumber  Co. 

(Harold  A.  Miller,  V.  P.  and 
Mgr.). 

Box  68, 

Forest  Grove,  Oregon 

1400s 

Gen. 

Stockton  Box  Company 
(Charles  T.  Gray,  Mgr.), 
Stockton  100,  California 

1155s 

Summerbell  Roof  Structures 
(E.  D.  Seaver,  V.  P.  and 
Engineer) 

825  East  29th  St., 

Los  Angeles  11,  California 

1455s 

Chief 

T.  O.  Sutton  &  Sons 
(J.  W.  Sutton,  Mgr.), 

Box  25,  , 

Chireno,  Texas 

1559s 

Tennessee  Products  8c  Chemical 
Co.  1100s 

(Horace  E.  Hall,  Director  of  Re¬ 
search)  ' 

American  National  Bank  Building 
Nashville  5.  Tennessee 

Thomasville  Chair  Company  1680s 
(Tom  A.  Finch,  Jr.) 

Thomasville,  North  Carolina 

Timber  Structures,  Inc.  1222s 

(Ward  Mayer,  Pres.i, 

5400  N.  W.  Venn  Ave., 

Box  5782, 

Portland  8,  Oregon 

United  States  Steel  Corporation  of 
Delaware  1522s 

(J.  V.  Freeman  Director) 

Room  1505,  71  Broadway 
New  York  6.  New  Yorlc 


The  Vulcan  Copper  8c  Supply 
Co.  555s 

(T.  O.  Wentworth,  President), 

120  Sycamore 
Cincinnati  2,  Ohio 

J.  I.  Weils  Company  1454s 

(J.  I.  Wells.  Owner). 

P.  O.  Box  512 
Salisbury,  Maryland 

West  Coast  Lumbermen’s 
Assn.  1461s 

(T.  K.  May,  Dir.  of  Technical  Serv¬ 
ice), 

1410  S.  W.  Morrison  St., , 

Portland  15,  Oregon 

West  Coast  Plywood  Company  1225t 
lA.  R.  Wuest,  Pres.), 

Aberdeen,  Washington 

Western  Pine  Manufacturing  Co., 
Limited  1585s 

(Grant  Dixon,  Pres.) 

E.  515  Jackson  Avenue 
Spokane,  Washington 

Weyerhaeuser  Timber  Co.  I4l6s 
(C.  C.  Heritage,  Technical  Dir.), 
Longview,  Washington 

Wolf  Creek  Timber  Company, 

Inc.  1295s 

(R.  R.  Chaffee,  V.  P.  8c  Gen. 
Mgr.). 

1208  American  Trust  Building 
Berkeley  4,  California 

Wood  1041s 

(R.  C.  Art,  Managing  Editor), 

159  North  Clark  Street 
Chicago  2,  Illinois 

E.  K.  Wood  Lumber  Company  1515s 
(John  B.  Wood,  V.  P.), 

2111  Frederick  Street 
Oakland  6,  California 

Wood-Metal  Industries,  Inc.  1146$ 
(R.  E.  Nellis,  President) 

101  Park  Avenue 

New  York  17,  New  York 

Wood  Treating  Chemicals  Co.  1415s 
(R.  M.  Morriss,  Jr.,  V.  P.). 

5157  Southwest  Ave. 

St.  Louis  10,  Missouri 

Woodwelding,  Inc.  1040s 

(Jack  B.  Cunningham,  Pres.), 

50C0  W.  Olive  Ave., 

Burbank,  California 
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OVER  21  ACRES  OF  FLOOR  SPACE 

Superior  Unit  Wood  Windows  •  Bilt-Well  Interior  Doors  •  Bilt-Well  Exterior  Doors  • 
Nu-Style  Kitchen  Cabinets  •  Bilt-Well  Entrances  •  Bilt-Well  Shutters  •  Clos-tite  Case¬ 
ments  •  Bilt-Well  Combination  Doors  •  Bilt-Well  Basement  Windows  •  Bilt-Well  Louvres 
and  Gable  Sash  •  Carr-dor  Overhead  Garage  Doors  •  Bilt-Well  Corner  Cabinets  •  Bilt- 
Well  Storm  Sash  •  Bilt-Well  Screens  •  Gli-dor  Cabinets  •  Bilt-Well  Medicine  Cabinets 
•  Bilt-Well  Ironing  Board  Cabinets  •  Bilt-Well  Mantels  •  Bilt-Well  Telephone  Cabinets  • 
Bilt-Well  Stair  Parts  •  Bilt-Well  Unit  Linen  Cabinets  •  Bilt-Well  Breakfast  Nooks. 
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MEMBERS  — UNITED  STATES  AND  CANADA 


NORTHEAST  REGION  (Page  524) 
Connecticat 
Maine 

MaasacbutetU 
New  Brunewick 
New  Hampshire 
New  Jersey 
New  York 
Nova  Scotia 
Ontario  (Eastern) 

Pennsylvania 
Quebec 
Rhode  Island 
Vermont 

SOUTHEAST  REGION  (Page  536) 
Delaware 

District  of  Columbia 

Florida 

Georgia 

Maryland 

North  Carolina 

South  Carolina 

Virginia 

West  Virginia 


NORTH-CENTRAL  REGION  (Page  542) 
Illinois 
Indiana 
Iowa 
Manitoba 
Michigan 
Minnesota 
Nebraska 
North  Dakota 
Ohio 

Ontario  (Western) 

South  Dakota 
Wisconsin 

SOUTH-CENTRAL  REGION  (Page  558) 
Alabama 
Arkansas 
Kansas 
Kentucky 
Louisiana 
Mississippi 
Missouri 
Oklahoma 
Tennessee 
Texas 


NORTHWEST  REGION  (Page  562) 
Alaska 
Alberta 

British  Columbia 

Idaho 

Montana 

Oregon 

Saskatchewan 

Washington 


SOUTHWEST  REGION  (Page  570) 
Arizona 
California 
Colorado 
Hawaii 
Nevada 
New  Mexico 
Puerto  Rico 
Utah 
Wyoming 


MEMBERS  — OUTSIDE  UNITED  STATES  AND  CANADA 

(Page  574) 


Argentina 

Australia 

Belgium 

Brazil 

Chile 

China 

Denmark 

England 


Finland 

France 

Holland 

Honduras 

India 

Israel 

Italy 

Mexico 


New  Zealand 
Norwav 

Philippine  Islands 
Siam 

South  Africa 
Sudan 
Sweden 
Switzerland 
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MORE  SAVINGS/ ,he  NELSON  POLE  SHAVER 


Actual  tests  show  labor  costs  are  reduced  with  the  NELSON 
POLE  SHAVER.  One  example:  Where  20  men  peeled  a 
specified  number  of  poles  by  old  methods,  4  men  now  do 
the  same  number  of  poles  in  less  time,  thereby  saving  the 
cost  of  16  men — and  obtaining  superior  shaved  poles! 

A  30'foot  Class  6  pole  can  be  shaved  in  one  minute  and 
smaller  or  larger  poles  will  vary  according  to  size. 


Insures  Uniform  Poles 

Completely  Shaves  Every  Pole — 

No  Rings  or  Feathers 

Entire  Surface  Qeaned 
Adjustable  for  ANY  Size  Pole 

Built  for  Years  of  Service  Vet 
Simple  in  Design 

Write  for  complete  detailed  speciBcations  and  prices. 


Finger  Tip  Control — 

(^ick  Reversibility 
High  Speed  Operation 
Hydraulic  Controls 
Easily  Operated 
Unit  Complete — 

Only  Three  Electrical  Leads 
Needed 

4  Tram  Cars  Designed  for  Effi> 
dency  in  Handling  Poles 


217  No.  Detroit  TULSA,  OKLAHOMA  Telephone  2-5131 

MANUFACTURERS  OP  POLE  PLANT  EQUIPMENT  SINCE  1938 

Knife  Grinding  Machine  Knife  Balance  Shaving 

Pole  Framing  Machine  Pole  Conveyors  Disposal  Unit 
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Geographical  Membership  Directory 

Numerals  indicate  serial  numbers  of  membership  cards;  letters  indicate  grades:  v — ^voting;  a — associate;  s — supporting; 
as — student,  t — indicates  charter  member.  Numeral  in  parentheses  following  street  address  is  zone  number. 


NORTHEAST  REGION 


CONNECTICUT 

Berlin 

tWm.  C,  Shepard.  R.F.D. 


24  }v 


Bethd 

Arthur  B.  Harris,  Jr.,  Development  Section,  Snyder 
Chem.  Con>.  2103v 

Francis  H.  Snydbr,  Research  Div.,  Snyder  Chemical 
Corp.  1013V 

Lazarus  Spiwack,  Mgr.,  Tech.  Serv.  8c  Devolpment. 
Snyder  Chem.  Corp.  10l4v 

Eastford 

Stewart  M.  Tatem,  Sec.,  Tatem  Mfg.  Co.  1886v 

East  Haven 

Edward  F.  Etzel,  President,  The  K  Lumber  Co.,  Inc., 
P.  O.  Box  108  1129V 

Hamden 

S.  B.  Preston,  Student,  Yale  University,  113  York  St. 

1267as 

Hanfocd 

John  B.  Drakos,  V.  P.,  L.  F.  Dettenbom  Woodwork¬ 
ing  Co.,  307  Sheldon  St.  (3)  1343a 

Gerud  B.  Ricketson,  Pres.-Treat.,  The  Hartford  Build¬ 
ers  Finish  Co.,  34  Potter  St.  (1)  14llv 

tCedric  G.  Thompson,  Treas.  C.  H.  Dresser  Sc  Son 
Inc.,  287  Sheldon  St.  (5)  799v 

B.  S.  Troop,  Student,  Yale  School  of  Forestry,  36 

Forest  St.  ^3)  126las 

Ivoryton 

Ernest  L.  Oliver,  Dry  Kiln  Eng.,  Pratt,  Read  and  Co., 
Inc.,  Box  393  2139v 

Meriden 

Thomas  M.  Fitzgibbons,  Packaging  Eng.,  The  Miller 
Co.,  99  Center  St.  1870v 

New  Briuin 

William  E.  Glabau,  Student,  University  of  Massachu¬ 
setts,  43  Roxbury  Rd.  ,  1391as 

New  Haven 

Herbert  S.  Damon,  Student,  Yale  School  of  For.,  242 
Whitney  Ave.  2098as 

tFred  E.  Dickinson,  Asst.  Prof,  of  Lumbering,  Yale 
School  of  Forestry,  203  Prospect  St.  333v 

Thom.is  F.  Fallon.  Winchester  Repeating  Arms  Co., 

P.  O.  Box  906  (4)  913v 

Leon  M.  Fiske,  Jr.,  Student,  Yale  Univ.,  203  Prospect 
St.  (11)  1693as 

tGeorge  A.  Garratt,  Dean,  School  For.,  Yale  Univ.  (11) 

4v 

Robert  W.  Hess,  Assoc.  Prof,  of  For.  Prod.,  Yale 
Univ..  203  Prospect  St.  •  1800v 

tHenry  W.  Hicock,  Forester,  Conn.  Agric.  Exper.  Sta., 
Box  1106  270v 

John  L.  Hill,  Student,  Yale  Univ.  (11)  1708as 

Robert  E.  Hollowell,  Jr.,  Student,  Vale  Univ.,  310 

Prospect  St.  (11)  1707as 

Edward  Rapp,  Student,  Yale  University,  3  Sylvan 

Ave.  1270as 

S.  Krishna  Swamy,  Student,  Yale  School  of  For.,  203 
Prospect  St.  (11)  2134as 

tFrederick  F.  Wangaard,  Prof.,  Yale  School  of  For., 
203  Prospect  St.  848v 

Norfolk 

Edward  C.  Childs,  Private  Forester  2003a 

South  Nonvalk 

tFrederick  W.  Green,  Mgr.,  Industrial  Equipment  Sales 

Nash  Engineering  Co.  284v 

Springdale 

Marc  A.  Corti,  Marcoloy,  Inc.  10I2v 

Southport 

MacMillan  Clements,  Clements  Associates,  Box  485 

I432v 

Thomaston 

M.  V.  Koonz,  Development  Technician,  Seth  Thom-’s 

Clocks,  So.  Main  St.  1333v 

West  Haven 

Richard  N.  Joreensen.  Student.  Yale  School  of  For., 
383  Washington  Ave.  2097as 


MAINE 

Auguau 

Maynard  W.  Files,  Maine  Development,  Commission. 
State  House  1384v 

Bangor 

Philip  P.  Clement,  Treas.,  Prentiss  8c  Carlisle  Co.. 
Inc.,  107  Court  St. 

Gerald  E.  Wing,  Gen.  Supt.,  Great  Northern  Paper 
Co.,  60  Leighton  St.  1942v 

Bethel 

Philip  H.  Chadbourne,  Pres.,  P.  H.  Chadbourne  8c  Co. 

2126v 


Biddeford 

Lucius  S.  Carpenter,  Jr.,  Lumbering  Engineer,  Saco- 
Lowell  Shops  I431v 

Bingham 

Paul  Matheson,  Mgr.,  Kennebec,  Inc.  2128v 

Bryant-Pond 

George  E.  Wheeler,  Foreman,  Finishing  Enamel  Shop. 
Stowell  Silk  Spool  Co.,  P.  O.  Box  142  l639v 

Farmington 

Ray  W.  Mitchell,  Sales  Mgr.,  Maine  Skewer  8c  Dowel 
Corp.,  84  No.  Main  St.  1160v 

Donald  F.  Pierce,  Supt.,  Maine  Skewer  8c  Dowel  Corp.. 
84  No.  Main  St.  tl39v 

Greenville  Junction 

Robert  S.  Ludwig,  Atlas  Plywood  Corp.,  Box  22  1959v 
Lisbon  Falls  * 

Richard  A.  Hale,  11,  219  Main  St.  1262as 

North  Waterford 

fEarl  D.  Brown,  Pres. -Treas.,  North  Waterford  Spool 
Co.  604v 

Orono 

Robert  I.  Ashman,  Prof,  of  For.,  Univ.  of  Maine,  26 
Winslow  Hall  1781v 

tGregory  Baker,  Asst.  Prof,  of  For.,  Univ.  of  Maine 

96v 

fFrank  Beyer,  Dept,  of  Forestry,  University  of  Maine 

lOOv 

Portland 

John  H.  Grant,  Jr.,  Field  Mgr.  8c  Prod.  Eng.,  Burritt 
Lbr.  Sales  Co.,  Inc.,  89  Prospect  St.  (3)  1896v 

Stratton 

G.  H.  Frary,  Jr.,  Pres.,  The  Stratton  Co.  1722a 

Waterville 

tjohn  L.  Parsons,  Res.  Dir.,  Hollingsworth  8c  Whitney 

Co.  182v 


MASSACHUSETTS 

Amherst 

tj.  Harry  Rich,  French  Hall,  Univ.  of  Mass.  374v 

Belmont 

tGeorge  W.  Kuehn,  14  Prentiss  Lane  794v 

Boston 

tSamuel  Cabot,  Samuel  Cabot,  Inc.,  I4l  Milk  St.  (9) 

459v 

Estey  P.  Charak,  Charak  Furn.  Co.,  38  Wareham  St. 
(18)  1326v 

fGustavus  J.  Esselen,  Pres.,  Esselen  Research  Corp.,  837 
Boylston  St.  (16)  70v 

Ralph  E.  Ferdinand,  Pres.,  Joslin  Show  Case  8c  Fix¬ 
ture  Co.,  99  Chauney  St.  (11)  ll68v 

William  V.  Haynes,  Hatheway  8c  Patterson  Co.,  Inc., 
100  So.  B.ay  Ave.  (18)  I032v 

Robert  A.  Muller,  Vice-Pres.,  Atlas  Plywood  Corp., 
1432  Statler  Bldg.  1837v 

O.  Stanley  Porter,  Dir.  of  Res.,  United  Last  Co..  140 
Federal  Street  (7)  2173v 

Harold  B.  Shepard,  For.  Econ.,  Federal  Reserve  Bank 
of  Boston,  30  Pearl  St.  (6)  1336a 

S.  E.  Swanson,  Wood-Turners  Service  Bureau  (16) 

2213V 

J.  Wadsworth  White,  Owner,  White  Mfg.  Co..  Box  2. 

Hyde  Park  (36)  ll62v 

Carl  S.  Whittier.  Secy.,  Last  Manufacturers*  Assn., 
Rm  803,  80  Federal  St.  (10)  2118v 
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Columbia-Hudson 
Lumber  Company 

Manufacturer 


Bradwood,  Oregon 


FORESTRY  RESEARCH 
FOUNDATION 

(NON-PROFIT  CORPORATION) 

SERVING  THE  FORESTRY  INTERESTS  BOTH 
PUBLIC  AND  PRIVATE  IN  OREGON  AND  THE  PACIFIC 
NORTHWEST. 

ORGANIZED  TO  FACILITATE.  ENCOURAGE  AND 
PROMOTE  RESEARCH  IN  FORESTRY.  ASSOCIATED 
WITH  THE  OREGON  FOREST  PRODUCTS  LABORATORY. 

Opfick  op  thk  Skcrktary 

SCHOOL  OF  FORESTRY 

OREGON  STATE  COLLEGE 
CORVALLIS.  OREGON 


CHEMICALS  AND 
OIL  SOLUTIONS 

.  .  .  for  .  .  . 

Wood  Preservation* 
Termite  Control 
Dimensional  Control 
Sap  Stcdn  Control** 


Treating  Plcmt  Equipment 

*  SoIm  Agrala  Fen 

**  Sales  Agent*  Pen 

MONSANTO 

WYANDOTTE 

CHEMICAI.  CO. 

CHEMICALS  CORP. 

St.  Loiiia.  MiMouii 

Wyondett*.  I^higan 

Pontachlorephoaol 

Nextane 

S137Soittiw8StAve. 
St.  Louis  10.  Mo. 
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MASSACHUSETTS— Continued 
Cambridge 

David  W.  Baxter,  United-Carr  Fastener  Corp.,  31  Ames 
St.  (42)  2222V 

tAlbert  G.  H.  Dietz,  Assoc.  Prof.  Dept,  of  Bldg. 
Engrg.  &  Const.,  Massachusetts  Institute  of  Tech¬ 
nology,  77  Massachusetts  Ave.  (39)  ,172v 

Frederick  Perry,  Chem.  Engineer,  Arthur  D.  Little. 

Inc.,  30  Memorial  Dr.  (42)  970v 

tWalter  Voss,  Dept,  of  Bldg.  Engrg.  &  Constr.,  Room 
7-221,  Massachusetts  Institute  of  Technology,  77 
Massachusetts  Ave.  788v 

Chelsea 

Ralph  F.  Symonds,  Pres.,  New  England  Trawler 
Equipment  Co..  301  Eastern  Ave.  1117a 

Chicopee 

A.  G.  Spalding  &  Bros.,  Inc.,  (James  N.  Tynan,  Chief 
Wood  Technician)  120)s 

Cohasset 

Francis  W.  Hagerty,  Pres.,  Hagerty  Co.  I681v 

Duxbury 

tA.  P.  Richards,  Consulting  Biologist,  Wm.  F.  Clapp 
Laboratories,  Washington  St.  473v 

East  Boston 

tStuart  Huckins,  Engr.,  Geo.  McQuesten  Co.,  Inc., 
422  Border  St.  71v 

Foxburo 

tRobert  F.  Hiller,  Dry  Kiln  Engr.,  Standard  Dry  Kdn 
Co.,  11  Granite  St.,  Box  57  865v 

tRoss  N.  Perkins,  Sales  Mgr.,  Lbr.  Ind.,  The  Foxboro 
Co.,  Neponset  Ave.  400a 

Caardner 

Heywood-Wakefield  Co.,  (Richard  N.  Greenwood. 

Pres.)  206  Central  St.  I?04s 

F.  L.  McKnight,  Treas.,  McKnight  Machinery  Co., 
354  Main  St.  -  1892v 

Carlton  E.  Nichols,  Vice-Pres.,  Nichols  &  Stone  Co., 
82  Logan  St.  1763v 

Frank  T.  Parrish,  Heywood-Wakefield  Co.,  Central  St. 

lOIOv 

Peter  A.  Rahaim,  Pres.,  Gardner  Dowell  Co.,  Inc..  379 
Pine  St.  1790V 

Gloucester 

Richard  P.  Hedblom,  Sales  Mgr.,  Merchant  Box  Co.. 
Willow  St.  I664v 

Greenfield 

Nathan  Tufts,  Vice  Pres.  &  Gen.  Mgr.,  New  England 
Box  Co.,  173  Main  St.  2104v 

Holyoke 

George  W.  Carlson,  Treas.,  C.  F.  Church  Mfg.  Co. 

2100V 

Hyde  Park 

Howard  C.  Leslie,  Pres.,  BRE  Sanitary  Seat  Corp.. 
53  Walter  St.  1137v 

Leominster 

Collins  B.  Newell,  Engr.,  Simonds  Saw  &  Steel  Co.. 
213  Washington  St.  1944v 

Lowell 

Stuart  S.  Hunt,  Salesman,  Monsanto  Chem.  Co.,  31 
Newbury  St.  2013v 

Thomas  W.  O'Day,  Supt.,  W.  H.  Bagshaw  Co..  128 
Warren  St.  2042v 

Lynn 

Edward  D.  Sprague,  Student,  University  of  Massachu¬ 
setts,  27  Wentworth  PI.  1377as 

Medford 

tLeonard  J.  Beckwith,  Pres.,  B  &  B  Corrugated  Box 
Co.,  13-15  Winchester  St.  (55)  283v 

Melrose 

Frank  J.  Buss,  279  W.  Wyoming  Ave.  (76)  1093v 

Quincy 

fErnest  D.  Richmond,  Jr.,  Vice-Pres.  8c  Treas.,  Quincy 
Adams  Yacht  Yard,  Inc.,  47  Palmer  St.  235v 

Rowley 

Wallace  S.  Adams,  Field  Engr.,  Moore  Dry  Kiln  Co.. 
Rt.  |1  2094v 

Sharon 

Russell  T.  Lutz,  Farm  Mgr.,  Moose  Hill  Farm,  652  S. 
Main  St.  1971v 

Springfield 

tE.  Everett  Decker,  Sales  Mgr.,  Monsanto  Chem.  Co., 
Plastics  Division  (2)  731v 

tjoseph  E.  Gurvitch,  E.  Gurvkch  Lbr.  Co.,  Inc.,  37  Ft. 

Pleasant  Ave.  806v 

tGlen  P.  Harris,  Research  Dept.,  600  Monsanto  Ave. 

77v 

Robert  F.  Hill.  Mgr..  Tech.  Serv.,  Monsanto  Ch“m. 
Co.,  Plasricr  Dir.,  Monsanto  Ave.  1723v 


South  Walpole 

E.  S.  Woodworth,  Purch.  Agent,  The  Diamond  Match 
Co.  1848a 

Wakefield 

Paul  K.  Guillow,  New  Salem  St.  •  2138v 

George  McLean,  Plast.  Dev.  Engr.,  Parkwood  Corp., 
24  Water  St.  2085v 

Walpole 

George  A.  McSwain,  Student,  Yale  Univ.,  Sybil  St. 

1692as 

Weston 

Thomas  E.  Batey,  Jr.,  40  Silver  Hill  Rd.  (93)  1274v 

John  O.  McGillivray,  Sales  Engr.,  General  Box  Co.. 
74  Loring  Road  1940v 

Winchendon 

Elliot  D.  May,  Chief  Engr.,  Baxter  D.  Whitney  8c  Son. 
Inc.  1520v 

Worcester 

D.  E.  Dick,  Student,  Yale  University,  9  Brighton  Rd 

(6)  1266as 

NEW  BRUNSWICK 
Edmimdston 

tDr.  Alfred  J.  Corey,  Asst.  Chief  Chemist,  Fraser  Com¬ 
panies,  Ltd.  547v 

Fredericton 

Elwyn  N.  Doyle,  Student,  Univ.  of  New  Brunswick. 

164  Saunders  St.  1997is 

Harris  E.  Videto,  Assoc.  Prof.,  Head  of  Tech.  8t  Util. 
Dept.,  Univ.  of  New  Brunswick  1703v 

Saint  John 

tA.  H.  Likely,  Pres.,  Jos.  A.  Likely.  Ltd.  337v 

NEW  HAMPSHIRE 
Beebe  River 

Draper  Corporation  (W.  C.  Lewison,  Res.  Mgr.) 

1213s 

tWayne  C.  Lewison,  Res.  Mgr.,  Draper  Corporation 

638v 

Berlin  « 

tGeorge  A.  Day,' Dir.  of  Res.,  Brown  Co.  78v 

Chesham 

William  P.  House,  Owner,  Lumber  Business  1945v 

Concord 

Richard  E.  Mullavey,  Student,  University  of  New 

Hampshire,  17  Union  St.  1310as 

Durham 

fLauren  E.  Seeley,  Dean,  College  of  Tech.,  Engr.  Exp. 

Sta.,  Univ.  of  N.  H.  37v 

fLewis  C.  Swain,  Assoc.  Prof.  Forestry,  Univ.  of  N.  H. 

815v 

Laconia 

John  W.  Maxwell,  Wesco  8c  Associates,  Field  Office, 
Box  120  1158v 

Manchester 

fPaul  H.  Graham,  Woodworking  Consultant,  Box  145 

242v 

tHugo  L.  Grass,  Asst.  Supt.,  Hermsdorf  Fixture  Mfg. 
Co.,  Inc.,  Franklin  St.  251v 

David  C.  Plumpton,  Assist.  Supt.,  Fellows  8c  Son,  Inc., 
Box  119  1717V 

NEW  JERSEY 
Arlington 

B.  C.  Bren,  Market  Surety  Div.,  Plastic  Dept.,  E.  1. 
du  Pont  de  Nemours  Co.,  626  Schuyler  Ave.  921a 
Asbury  Park 

Charles  L.  Walters,  Secy-Treas.,  Monmouth  Cabinet 
Works,  Inc.,  5W7  Bangs  Ave.  2119v 

Berlin 

fW.  D.  Eisenhauer,  Owens-Illinois  Glass  Co.,  Berlin 
Pilot  Plant  422v 

Bloomfield 

Leonard  Repsher,  Head,  Plywood  Adhesives  Develop¬ 
ment  Bakelite  Corp.,  230  Grove  St.  958v 

Boonton 

William  J.  Delmhorst,  Pres..  Delmhorst  Instrument 
Co.,  115  Cornelia  St.  1518v 

Camden 

tGeo.  F.  Moxley,  Pres.,  The  West  Jersey  Paper  Mfg. 

Co.,  Front  8t  Elm  St.  238v 

Cjirl  F.  Vieser,  F.  A.  Vieser  8c  Son,  Inc,,  1230  Kaighn 
Ave.  1138V 

Chatham 

Henry  J.  Perry,  Cons.  Eng.,  12  N.  Hillside  Ave.  I434v 
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NATIONAL  LUMBER  MANUFACTURERS  ASSOCIATION 
1319  T8th  ST.,  N.  W.,  WASHINGTON  6,  D.  C. 
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TESTING 

DEVELOPMENT 

CONSULTATION 


We  are  equipped  to  undertake  testing  or  research  assignments 
in  the  following  fields: 

1.  Wood  adhesives 

2.  Mechanical  fastenings  for  wood 

3.  Paper  and  pulp  products 

4.  Wood  preservatives 

5.  Wood  finishes  and  coatings 

6.  Quality  control  in  Wood  Products  Plants 

Your  firm  may  be  facing  other  wood  utilization  problems  which 
can  best  be  handled  by  our  experienced  technicians. 

For  detailed  information  on  any  of  our  specific  services  address 
your  inquiry  to: — 


TIMBER  ENGINEERING  COMPANY,  Washington  6,  D.C 
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NEW  JERSEY'— Continued 
Edcewater 

Beniamin  A.  Anderton,  Research  Laboratory,  The  Bar¬ 
rett  Div.,  Allied  ^emical  «c  Dye  Corp.  942v 

Elizabeth 

tMilton  Goll,  Chief,  Microbiological  Labs.,  Nuodez 
Co..  Inc.  (F)  3}6v 

fW.  Ljnus  Martin,  Pres.,  Martin-Dickson,  Inc.,  13-8) 
S.  front  St.  (2)  »  435t 

fArthur  Minich,  Vice-Pres.,  Nuodez  Products  Co.,  Inc. 
(F)  335v 

Englewood  _  _ 

tHerman  L.  Joachim,  Vice-Pres.,  Gibralter  Paper  Co., 
300  Manor  Rd.  I64v 

Fords  _  .  ^ 

tWesley  R.  Thompson,  Tech.  Dir.,  Catalin  Corp.  277v 

Hftckeonck 

Lloyd  I.  Snyder,  Eng.,  Southern  Furn.  Mfg.  Co.,  210 
Main  St.  1431v 

Hadcettstown 

E  A.  Mayberry,  Sales  Mgr.,  American  Saw  Mill  Ma¬ 
chinery  Co.,  Main  St.  1310v 

Jersey  City 

tPrem  Gary,  Vice-Pres.  &  Gen.  Mgr.,  International 
Balsa  Corp..  96-100  Boyd  Ave.  (4)  75Cv 

Charles  R.  Nichols,  Jr..  Joseph  Dixon  Crucible  Co., 

167  Wayne  St.  J[2)  1227v 

tW.  E.  Santoro,  Tech.  Dir.,  Standard  Varnish  Works, 
166  Jewett  Ave.  (4)  790v 

Kenilworth 

Ludwig  Lermer,  Protexol  Corp.  1079v 

Linden 

tMorris  Lieff,  Tech.  Dir.,  Smith  &  Kanzler  Co.,  East 
Linden  Ave.  685v 

Little  Falls 

William  W,  Rice,  R.  F.  D.  tl,  Jackson  Lane  l689as 

Madison  ,  ,  „  , 

Charles  S.  Henry,  Student,  City  College  of  New  York, 
19  Rosemont  Ave.  1311as 

Manville  „  ,  „  , 

tG.  Basil  Brown,  Mgr.,  Paper,  Pipe  &  Board  Research, 
Johns  Manville  Res.  Lab.  233v 

Moorestown  .  „ 

tThomas  D.  Perry,  Engineer  in  Wood  Work,  301  E. 
Main  St.  682v 

Murray  Hill  „  ,  „ 

tReginald  H.  Colley,  Timber  Products  Engr.,  Bell  Tel. 

Labs.,  Inc.  60v 

tGeorge  Q.  Lumsden,  Eng.,  Bell  Tel.  Labs.,  Inc.  )04v 

Newark  _  , 

tF.  Powell  forbes.  Mgr.,  Engr.  &  Fabr.  Div.,  Weyer¬ 
haeuser  Timber  Co.,  P.  O.  Box  629  (72)  72v 

tG.  Klinkenstein,  Pres.,  Maas  &  Waldstein  Co.,  438 
Riverside  Dr.  (4)  875v 

Allen  V.  Long,  Weyerhaeuser  Timber  Co.,  P.  O.  Box 
629  (1)  2088v 

tSamuel  Orenstein,  Dir.  of  Res.,  Amelia  Earhart  Lug¬ 
gage,  408  Market  St.  (5)  71^ 

Raritan 

tGeorge  M.  Rapp,  Asst.  Exec.  Dir.,  John  B.  Pierce 

Foundation  836v 

Ridgewood 

tW.  Burdette  Wilkins,  Consulting  Engr.,  245  E.  Ridge¬ 
wood  Ave.  136v 

tRudolph  Willard,  Consulting  Engr.,  Prod.  Devel.  Lab., 
238  E.  Ridgewood  Ave.  306v 

Riverton 

Elmer  E.  Bergey,  Chemist,  National  Casein  Co.,  Broad 
and  Fulton  Sts.  2l68v 

Rockaway 

tEarl  R.  Stivers,  Dir.  of  Res.,  Package  Research  Lab. 

304v 

^*LeM  S.  Jacobs,  276  Lindbergh  Blvd.  1425v 

Trenton 

Hubert  L.  Becher,  Chief  Chem.,  Homasote  Co.,  124 
N.  Overbrook  Ave.  (8)  2236v 

Union 

Clarence  Reisen,  Vice-Pres.,  Reisen  Lbr.  tc  Millwork 
Co.,  1070  Morris  Ave.  1991v 


NEW  YORK 
Albertson,  L.  I. 

Stanley  S.  Sperry,  Representative, 
Co.,  64  Amherst  Rd. 


C.  Turner  Lbr. 

1877V 


fiainbridge 

L.  E.  Clark,  Jr.,  Chemist,  The  Borden  Co.,  Chem. 

Div.  Laboratories  1436v 

tGeorge  B.  Fahlstrom,  Wood  Tech.,  The  Borden  Co., 
Chem.  Div,  344v 

C.  F.  MacLagei^  In  Charge,  Wood  Gluing  Lab.,  Ibe 
Borden  Co.,  Chem.  .Div.  1548v 

Bay  Shore,  L.  I. 

Clemens  Waldman,  Secy.-Treas.,  Summers  Lbr.  & 

Supply  Corp.,  70  N.  Clinton  Ave.  1259a 

Bingbamton 

tc.  Curtis  Booth,  1222  Dorothy  St.,  R.  D.  13  588v 

Bronxville 

H.  T.  A.  Richmond,  Exe.  Salesman,  Custum-Made 
Paper  Bag  Co.,  Inc.,  17  Oriole  Ave.  (8)  2027a 


Brooklyn 

tRobert  S.  Aries,  Dir.,  Northeastern  Wood  Utiliz.. 

Council,  26  Court  St.  33v 

tFred  Gretsch  Jr.,  The  Fred  Gretsch  Mfg.  Co.,  60 
Broadway  85  5 v 

Harvey  Haber,  Student,  N.  Y.  State  Coll,  of  For., 
414  Van  Sicklin  Ave.  1363as 

tGeorge  N.  Hilfinger,  General  Box  Co.,  151  Kent  Ave. 

428v 

Sol  R.  Kaplan,  Pres.,  Anchor  Lbr.  Corp.,  874  5th 
Ave.  (32)  1298v 

Kauko  Kuoppa-Maki,  Mech.  Engr.,  1878  West  Fourth 
St.  (23)  1447V 

Alexander  Lobert,  1215  Prospect  PI.  (13)  ll45v 

Emin  N.  Onen,  Student,  Columbia  Univ.,  321  Trout- 
nun  St.  1334a$ 

H.  Howard  Pittinger,  Managing  Partner,  J.  E.  &  H.  H. 

Pittinger,  106  Bayard  St.  (22)  1566v 

William  Schlener,  Chief  Chemist,  Eberhard  Faber  Pen¬ 
cil  Co.,  37  Greenpoint  Ave.  (22)  1591v 

Herbert  Seidel,  Wholesaler,  Reisen  Lbr.  tc  Millwork 
Co.,  537  Central  Ave.  I493v 

Christian  Skaar,  974  Sterling  Place  (13)  1048v 

Arthur  A.  Tinker,  Pres.,  Cross,  Austin  &  Ireland  Lbr. 

Co.,  1246  Grand  Street  (6)  191$»v 

Fred  M.  Velepec,  Prop.,  Fred  M.  Velepec  Co.,  71 — 
1164th  St.  (27)  ■  1585V 

tChas.  H.  Votey,  Vice-Pres.  Sc  Gen.  Mgr.,  New  York 
tc  Brooklyn  Casket  Co.,  703  Bedford  Ave.  (6)  636v 

Buchanan 

David  H.  Hanaburgh,  Consulting  Forester  1785v 


Buffalo 

Jack  E.  D.  Batson,  Prod.  Mgr.,  Kittinger  Co.,  1893 
Elmwood  Ave.  1676v 

Joseph  M.  Bray,  Dir.,  Mining  Div.,  Osmose  Wood 
Preserving  Co.  of  America,  Inc.,  1437  Bailey  Ave. 
(12)  1901V 

Manfred  I.  Douglas,  60  Lilac  St.  (20)  l)65as 

H.  Morton  Jones,  Vice-Pres.  tc  Treas.,  The  R.  T.  Jones 
Lbr.  Co.,  Inc.,  1807  Elmwood  Ave.  (9)  1654v 

fStanley  J.  Rosen,  Gen.  Mgr.,  Osmose  Wood  Preserv¬ 
ing  Co.,  1437  Bailey  Ave.  (12)  527v 

Roger  W.  Strauss,  Student,  N.  Y.  State  Coll,  of  For., 
568  Minnesota  Ave.  (15)  1360as 

Ross  Trowbridge,  Plant  Engr..  Barcolo  Mfg.  Co., 
Chandler  Div.,  166  Chandler  St.  (7)  1920v 


Csttaraugus 

tKenneth  Wooden,  Setter  Bros.,  Inc.  878v 

Cboperstown^ 

tj.  Leith  Violette,  Mgr.,  Otsego  For.  Prod.  Coop.  Assn. 

48v 


Cortland 

George  T.  Hauck,  Jr.,  Student,  N.  Y.  State  Coll,  of 
For..  R.  D.  2  1996as 

Farmingdale,  L.  I. 

Andrew  F.  Haiduck.  Dir.,  Exper.  Div.,  Fairchild  Pilot¬ 
less  Plane  Div.,  Conklin  St.  1433a 

tJ.  Howard  Powell,  Pilotless  Planes  Div.,  Fairchild  En¬ 
gine  &/Airpiane  Corp.  692v 

Fawtteville 

Karl  G.  Timmerman,  Forest  Owner,  123  Chapel  St. 

1306v 

Flushing 

Chas.  H.  B.  Stepanek,  Pres.,  New  York  Wood  Work¬ 
ing  Corp.,  113-16  35th  Ave.  976v 

Glen  Cove 

Herbert  Ain.  Student,  New  York  State  College  of 
Forestry,  61  Continental  PI.  I464as 

Hamilton 

Thomas  M.  Liams.  Librarian,  Colgate  Univ.  Library 

2020a 


Hootick  Falls 

tGeo.  A.  Eckweiler,  Adv.  Mgr.,  The  Noble  Sc  Wood 
Mach.  Co.  (20)  455a 
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#  be  consnoc  aiin  and  purpose 
of  EKSTROM,  CARtSON  & 
CO.  has  been  to  dcsiga  and 
build  Machiocry  aod  Tools 
which  svill  assist  you  in  boosting 
your  production  and  in  rcduc* 
ing  your  manufacturing  costs. 


HAGEMEYER  LUMBER  COMPANY 

Specialists  in  the  production  o/  wood  parts 
and  Furniture  dimensions 


SECOND  NATIONAL  BANK  BUILDING 
PHONK,  CNnmV  UM 

CINCINNATI  2p  OHIO 


from  every  angle 

- EKSTROM,  CARLSON 

is  your  best  buy  ! 


a 


EKSTROM,  CARISON  &  CO. 

ROCKFORD  •  ILLINOIS 


BAY  BE  NOQVET  COMPANfY 

Northern  Beeeh9  Birch  and  Mapie  Lumber 
NAHMA,  MICH. 

Sales  OffK9 

S17  RAILWAY  RXCHANaS  CHICAGO  4.  ILL.  TKLKRHONK  HARRISON  7-7St1 
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NEW  YORK— Continued 
JmmcKown 

John  A.  Burgeson,  1114  Pendergast  Atc.  1399*s 

Crawford  Furniture  Mfg.  Corp.  (Clyne  Craw  o>u. 

Pres.),  957  Allen  St.  2034s 

Willard  V.  Fichtel,  Yard  &  Kiln  Supvr.,  Union — Na¬ 
tional,  Inc.,  226  Crescent  St.  2038v 

James  Tillotson  III,  Tillotson  Furniture  Corp.,  22 
Steele  St.  2198v 

Kew  Gardens 

Edward  Vail,  Exe.,  N.  Y.  Woodworking  Corp.,  119-40 
Union  Turnpike  (15)  1956v 

Lake  George 

Julian  F.  Beaudet  (Private  Research),  41  Mohican  St. 

198^v 

Little  Falls 

Carl  B.  Lundstrom,  Lundstrom  Laboratories,  Inc.,  Box 
150  1188v 


Liverpool 

Leonard  S.  Prockup,  R.  F.  D.  1  183lv 

Lockpon 

E.  H.  Merritt,  Pres.,  Merritt-Monsanto  Corp.,  120  So. 

Niagara  St.  1674  . 

tW.  H.  Upson,  Jr.,  Pres.,  The  Upson  Co.  327v 

Long  Island  City 

A.  J.  Cohen,  Purch.  Agent,  Forest  Box  and  Lbr.  Co. 

3856-3870  Vernon  Blvd.  1724v 

tMax.  Hilrich,  Res  Chem.,  The  Marblette  Corp.,  372 1 
Thirtieth  St.  (1)  83v 

Theodore  D.  Steinway,  Steinway  &  Sons,  4502  Ditma  s 
Ave.  (5)  ll6lv 

Lyon  Falls 

James  E.  Davis,  Woodlands  Mgr.,  Gould  Paper  Co. 

1750.. 


Lyon  Mountain 

G.  W.  Graves,  Supt.  of  Woodlands,  Republic  Steel 
Corp.  1296v 

Middletown 

Benjamin  Seplowin,  252  E.  Main  St.  1350v 

New  Rochelle 

E.  H.  Guest,  Pres.,  New  Rochelle  Coal  &  Lbr.  Co., 
22  Pelham  Rd.  2074v 

tCharles  B.  Hemming,  Chief  Chemist,  U.  S.  Plywood 
Corp.  9v 

Ora  S.  Webster,  Treas.,  Plunkett  Webster  Lbr.  Co., 
Inc.,  271  North  Ave.  1859a 

New  York 

American  Creosoting  Co.  (C.  C.  Kuehn),  551  Fifth 
Ave.  (17)  1765s 

Nils  Anderson,  Jr.,  Vice-Pres.,  The  Borden  Co.,  Chem. 

Div.,  350  Madison  Ave.  (17)  1535v 

Chester  L.  Babcock,  Pres.,  Babcock  Machinery  Inc.. 

1475  Broadway  (18)  931  v 

Edward  L.  Babcock,  Sec.,  Babcock  Machinery  Co.. 

Inc.,  1475  Broadway  (18)  1354v 

tRichard  J.  Bandekow,  Tech.  Serv.  Rep.,  The  Borden 
Co.,  chem.  Div.,  350  Madison  Ave.  303v 

Stuart  I.  Bergman,  Student,  N.  Y.  State  Coll,  of  For., 
312  E.  206  St.  (67)  1359as 

tD.  H.  Bissell,  Treas.,  Chromium  Corp.  of  Amer., 
120  Broadway  (5)  125a 

The  Barret  Division  (R.  L.  Cammann,  Vice-Pres.)  Al¬ 
lied  Chemical  &  Dye  Co.,  40  Rector  St.  (6)  1338s 

Col.  Marston  Taylor  Bogert,  Apt.  14  B,  1158  Fifth 
Ave.  (29)  907a 

fBorden  Company,  Chemical  Division  (W.  F.  Leicester, 
Pres.),  350  Madison  Ave.  (17)  342s 

R.  E.  Broderick,  Sec. -Treas.,  Northeastrn  Lbr.  Mfrs. 

Assn.,  Inc.,  271  Madison  Ave.  (16)  2127v 

fAlexander  Chatin,  Pres.,  Overseas  Lbr.  Co.,  52  Van¬ 
derbilt  Ave.  (17)  648v 

K.  Cheng,  William  Sloane  House,  356  W.  34th  St.  (1) 

I671as 

David  W.  Cleverden,  Chief  Cost  Acct.,  West  Virginia 
Pulp  &  Paper  Co.,  230  Park  Avenue  (17)  2023v 

Arnold  J.  Cohen,  233  W.  25th  St.  1691as 

tThomas  M.  Cook,  Engr.,  Industrial  Dept.,  W.  R. 

Grace  &  Co.,  7  Hanover  Square  (5)  169v 

tThomas  H.  Creighton,  Editor,  Progressive  Architecture, 

330  West  42nd  St.  (18)  633i 

American  Defibrator,  Inc.  (Uno  Lowgren,  Pres.),  40s 
Lexington  Ave.  (17)  1149s 

Edward  Fagan,  Supt.,  James  Fagan  8c  Son,  204  W. 

Houston  St.  (14)  l655v 

P.  W,  Fanelli,  Test  Eng.-Chemist,  New  York  Testing 
Laboratories,  Inc.,  80  Washington  St.  (6)  1682a 

tA.  M.  Freeman,  Dir..  Tech.  Service,  The  Borden  Co.. 
Chemical  Uiv.,  350  Madison  Ave.  (17)  345v 


tThomas  H.  Friedlin,  Timber  Engr.,  New  York  Central 
System,  466  Lexington  Ave.  (17)  399v 

Edmund  H.  Fulling,  Editor  8c  Publisher,  The  Bo¬ 
tanical  Review-Economic  Botany,  New  York  Bo¬ 
tanical  Garden  (58)  1854v 

tR.  H.  Gasch,  Vice-Pres.,  The  Joslyn  Co.,  70  Pine  St. 

(5)  472v 

Eugene  W.  Gilmore,  Jr.,  Lbr.  Sales,  Willard  Hawes 
8c  Co.,  48th  St.  8c  East  River  (17)  1832v 

tRonald  G.  Goodwin,  Development  Dir.,  Paper  8c  In¬ 
dustrial  Appliances,  Inc.,  122  E.  42nd  St.  (17)  366a 
J.  M.  Gruitch,  Dir.  of  Res.  8c  Dev.,  American  Car  8c 
Foundry  Co.,  30  Church  St.  (8)  1891v 

Reginald  W.  Holt,  Seely. -Mgr.,  New  York  Lbr.  Trade 
Assoc.,  Inc.,  Grand  Central  Terminal  (17)  171  Iv 


fH.  E.  Ingalls,  Sales  Engr.,  Nichols  Eng.  8c  Res.  Corp., 
60  Wall  Tower  675a 

Claude  W.  Johnson,  American  Cyanamid  Co.,  30 
Rockefeller  Piaza  (20)  1387v 

John  I.  Knox,  Prod.  Engr.,  Balsa  Ecuador  Lbr.  Corp., 
500  Fifth  Ave.  (18)  l683v 

Jacques  Kohn,  Balsa  Ecuador  Lumber  Corp.,  500  Fifh 
Ave.,  (18)  1045V 

Joseph  Kramer,  Secy.,  Greater  N.  Y.  Lbr.  Ind.,  Inc., 
152  West  42nd  St.  (18)  1475a 

tC.  C.  Kuehn,  Vice-Pres.,  Georgia  For.  Prod.  Co., 
2125-551  Fifth  Ave.  (17)  613v 

Ralph  Laycock,  Pur.  Agt.,  Sterling  Last  Corp.,  335  E. 

27th  St.  (16)  2180V 

J.  Louis  Moreno  Leal,  131  E.  51st  St.  (22)  2121v 

tUno  Lowgren,  Pres.,  American  Defibrator,  Inc.,  405 
Lexington  Ave.  717v 

George  R.  Mabrey,  Fabricated  Lumber  Products  Co.. 

101  Park  Ave.  (17)  1234v 

Julius  Marashinsky,  Wood  Engr.,  Balsa  Ecuador  Lbr. 

Corp.,  500  Fifth  Ave.  1705v 

tPaul  H.  McCormack,  Dev.  Engr.,  Natl.  Adhesives. 

270  Madison  Ave.  (16)  159v 

Earl  P.  McGinn,  Lcokwood  Trade  Journal  Co.,  Inc., 
15  W.  47th  St.  (19)  .  2192a 

H.  M.  Meloney,  Exec.  Secy.,  Business  Forms  Inst.,  220 
East  42nd  St.  (17)  1759v 

tS.  P.  Millet,  Tech.  Dir.,  The  Barrett  Div.,  Allied 
Chemical  8c  Dye  Corp.,  40  Rector  St.  (6)  364v 

John  W.  Nelson,  Nafl.  Adhesives  Div.,  Physical  Test¬ 
ing,  270  Madison  Ave.  (16)  2026v 

tv.  C.  Otley,  Mgr.,  The  Barrett  Div.,  Allied  Chem.  8c 
Dye  Corp.,  40  Rector  St.  (6)  492v 

E.  R.  O'Hare,  206  E.  30th  St.  (16)  906v 

fConrad  Pantke,  Pres.,  Roof  Structures,  Inc.,  45  W. 

45th  St.  (19)  544v 

Edmond  Peyrot,  Asst,  to  Yard  Supt.,  Kalt  Lbr.  Co., 
436  East  67th  St.  (21)  1793v 

tM.  H.  Pickard,  Eastern  Tech.  Dir.,  Pacific  Coast 
Borax  Co.,  51  Madison  Ave.  (10)  498v 

tWard  H.  Pitkin,  Asst.  Gen.  Sales  Mgr.,  Oliver  United 
Filters,  Inc.,  33  W.  42nd  St.  (18)  150v 

Richard  Pratt,  Assoc.  Editor,  Ladies  Home  Journal, 
1270  Sixth  Ave.  (20)  2228a 

tThomas  J.  Reese,  Boliden  Mining  Co.,  %  L.  J.  Buck. 

Inc.,  74  Trinity  Place  (6)  76v 

tjos.  L.  Rodgers,  Mgr.  Plywood  Glue  Div.,  Bakelite 
Corp.,  30  E.  42nd  St.  (17)  352v 

Louis  Schweitzer,  Pres.,  Peter  J.  Schweitzer,  Inc.,  405 
Lexin^on  Ave.  (17)  1806v 

L.  B.  Shipley,  Chemist,  Bernuth,  Lembke  Co.,  Inc., 
Room  2442,  Graybar  Bldg.,  420  Lexington  Ave. 
(17)  889v 

tHerbert  J.  Simmonds,  Pres.,  Paper  Corp.  of  United 
States,  630  Fifth  Ave.  (20)  158v 

Frank  J.  Smith,  Mgr.,  Pan  American  Refining  Corp., 
122  E.  42nd  St.  (17)  19l6v 

tjohn  H.  Squires,  Jr.,  Peerless  Housing  Co.,  Inc.,  300 
Fourth  Ave.  (10)  735v 

tHarry  Hull  St.  Oair,  Pres.,  Hart  Moisture  Gauges. 

Inc.,  126  Liberty  St.  8925 

tM.  Russell  Stein,  Pres.,  Hardwoods  International,  157 

W.  57th  St.  (19)  401v 

tClifford  A.  Stevens,  Salesman,  Roddis  Plywood  &  Door 
Co.,  920  E.  149th  St.  259v 

U.  S.  Steel  Corporation  of  Delaware  (J.  V.  Freeman, 
Dir),  Room  1503,  71  Broadway  (6)  1522$ 

tE.  W.  Tinker  Exec.  Sec.,  American  Paper  8i  Pulp 
Assn.,  122  E.  42nd  St.  (17)  ^  334v 

Wood-Metal  Industries,  Inc.  (R.  E.  Nellis,  Pres.).  101 
Park  Ave.  (17)  1146$ 

Edward  J.  Wormley,  Dunbar  Furniture  Mfg.  Co.,  450 
E.  52nd  St.  (22)  _  Il44v 

tW.  R.  Yeager,  Methods  Engr.,  Western  Elect.  Co.. 
Inc..  401  Hudson  St.  (14)  651v 
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COMPLETE  LINE 


CHAPMAN 


WOOD  PRESERVATIVES 


PENTA  PRESERVATIVE 


Versatile  wood  preservative,  an  oil  solution,  for  lumber  and 
wooden  structures — controls  decay  and  dry  rot,  also  termites, 
Lyctus  beetles  and  other  insect  attack.  Equally  effective  as  a  soil 
poison  for  termites. 


PERMATOX  WR 


Water  repellent  preservative  for  millwork,  lumber  and  plywood 
— protects  against  insects  as  well  as  controlling  decay  and  mold, 
and  dimensional  changes.  Leaves  clean,  paintable  surface. 


PERMATOX  10-S 


Water  soluble  chemical,  for  effective  and  economical  control  of 
sap  stain  and  mold  in  green  lumber,  both  softwoods  and  hard¬ 
woods. 


PERMATOX  B 


Effective  wood  preservative  in  petroleum  solvents,  for  control 
of  decay,  mold  and  inserts  in  dry  wood  products.  Leaves  clean 
paintable  surface. 


AMBROaOE 


Concentrated  insecticide  dilutable  with  water  or  petroleum 
solvents,  for  treating  logs  to  protect  against  Amhrosia  beetle  and 
Pine  Sawyer  damage  Can  also  be  used  as  a  dip  for  sawn  lumber. 

Chapman  Chemical  Company 

707  D*rmon  Building  Memphis  3,  Tennessee 


/ 
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NEW  YORK— Continued 
Nonb  Tnnewanda 

Leonard  E.  Cununing,  Rudolph  Wurlitaec  Co.,  21)  E. 

Felton  St.  2010v 

Robert  E.  Dodd,  Durez  Plastics  &  Chemicals  Inc., 

Walclc  Road  221  It 

Penn  Yan 

Charles  H.  Beaumont,  Pres.,  Finger  Lakes  Oder  & 
Vinegar  Co.,  Inc.,  Hamilton  St.  1627a 

Pittaford 

Richard  E.  Smith,  Hardwood  Lbr.  Buyer  &  Insp., 
R.  D.  No.  1  1772 

Port  Chester  „ 

Homelite  Corporation  (Nelson  Thompson,  V,  P.),  67 
Riverdale  Ave.  1182s 

Rochester 

Harold  L.  Charles,  Asst.  Supt.,  Cabinet  Shop,  Strom- 
berg-Carlson  Co.,  100  Carlson  Rd.  (3)  912v 

John  L.  Hudson,  Jr.,  Student,  New  York  SUte  Col¬ 
lege  of  Forestry,  31?  Kenwood  Ave.  I428as 

Richard  H.  Ingersoll,  Sales  8c  Purchasing  Dept. 

Crouch  &  Beahan  Co.,  99  Dewey  Ave.  l)63v 

Robert  A.  Pope,  Research  Engr.,  Morgan  Machine  Co., 
University  Ave.  1980v 

Clarence  F.  Van  Epps,  Engr.,  Stromberg  Carlson  Co., 

100  Carlson  Rd.  1801v 

Rockville  Centre  ,  ^  _ 

Donald  C.  Grimm,  Student  N.  Y.  State  Coll,  of  For., 
140  Powell  I640as 

Schenectady 

Edward  H.  O'Brien.  1400  Via  Delmar  Rd.  Il43v 

^^enneth  A.  Wilson,  Rep.,  Synvar  Corp.,  28  Sargent 
Dr.  (21)  2170V 

*^o^ert  Faist,  Pres.,  Faist  8c  Westervelt  Lbr.  Co.,  17 
Maple  Ave.  1290v 

Sufiem  _  „ 

Joseph  R.  Russo,  Student,  N.  Y.  State 'Coll,  of  For., 
22  Long  Ave.  204)as 

Syracuse 

Nelson  C.  Brown,  Prof,  of  Forest  Util.,  N.  Y.  State 
Coll,  of  For.  (10)  2237V 

Donald  C.  Burchard,  Dry  Kiln  Engr.,  Cavalier  Wood 
Products  Co.,  931  Highland  St.  (8)  17)4v 

Keith  C.  Birdsall,  Student,  N.  Y.  State  Coll,  of  For. 

(10)  1737as 

Alfred  H.  Bishop,  Assoc.  Prof.  New  York  State  Col¬ 
lege  of  Forestry  (10)  1174v 

tHarry  P.  Brown,  Head,  Dept,  of  Wood  Tech".,  N.  Y. 

State  Coll,  of  For.,  Syracuse  Univ.  (10)  383v 

Walter  E.  Conklin.  Stuoent,  N.  Y.  State  Coll,  of  For., 
Cbllendale  D-1,  Room  4  (10)  20)las 

Harold  A.  Core,  Instr.,  N.  Y.  State  Coll,  of  For., 
Kl,  Apt.  3,  Slocum  Heights  (10)  206)v 

C.  Eugene  Farnsworth,  Assoc.  Prof.,  N.  Y.  State  Coll. 

of  For.,  ))59  South  Salina  ())  1899v 

Raymond  C.  Gilman,  Jr.,  Student,  New  York  State 
College  of  Forestry.  42)  Westcott  St.  (10)  l483as 
Peter  F.  Guest,  Student,  N.  Y.  State  Coll,  of  For., 

101  College  PI.  (10)  207)as 

Hiram  L.  Henderson,  Prof,  of  Forest  Util.,  N.  Y. 

State  Coll,  of  For.,  119  Stone  Ridge  Drive  (3) 

19))v 

John  F.  Kling,  Student,  N.  Y.  State  Coll,  of  For., 
609  Comstock  Ave.  (10)  2039as 

Lawrence  Leney,  Instructor,  Wood  Technology,  New 

York  St’te  College  of  Forestry  (10)  1239v 

Dean  B.  Richards,  Instr.,  N.  V.  State  Coll,  of  For., 
A9-U1  Slocum  Hts.,  E.  Colvin  1960v 

James  M.  Ring,  Student.  N.  Y.  State  Coll,  of  For., 

962  Ackerman  Ave.  1776as 

Gerald  H.  Smith,  Instr.,  N.  Y.  State  Coll,  of  For., 
Syracuse  University  (10)  20)4v 

tDavid  P.  Thomas,  N.  Y.  State  Coll,  of  For.  flO) 

4l7v 

R.  Venkatadas,  Student,  N.  Y.  State  Coll,  of  For.  (lOl 

1998as 

Stanley  A.  Verstraete,  Student.  N.  Y.  State  CoU.  of 
For.,  A^,  L-2  Slocum  Heights  (10)  202)as 

Kenneth  M.  Watson,  Student.  N.  Y.  State  Coll,  of 

For..  227  Clarendon  St.  (10)  l)21as 

Leslie  E.  Williams,  Student,  N.  Y.  State  Coll,  of  For., 
1116  E.  Genesee  St.  (10)  1494as 

Aubrey  E.  Wylie,  Student,  N.  Y.  State  Coll,  of  For.. 

421  Clarendon  (10)  I272as 

John  M.  Yavorsky,  Res.  Tech..  N.  Y.  State  Coll,  of 
For.  1091V 

Robert  A.  Zabel,  Asst.  Prof,  of  For.  Path.,  N.  Y.  St’te 
Coll,  of  For.  1646v 


Tupper  Lake 

(3val  Wood  Dish  Corp.  (Gerald  P.  Hull.  Pres.),  120 
Demars  Blvd.  1497s 

Webster 

tAlan  A.  Marra,  3)0  Basket  Rd.  )87v 

H.  R.  Martin,  \^olesale  Lbr.  Dealer.  10)  Fuller  Ave. 

1744v 

West  Haverstraw 

George  W.  Rhine,  For.  Prod.  Consultant.  Samsondalc 
Ave.  _  1702v 

Yonkers 

Thomas  J.  Dempsey,  Plant  Mgr.,  Yonkers  Cabinet 
Corp.,  923  Old  Nepperhan  Ave.  (3)  1767v 

NOVA  SCOTIA 
Liverpool 

tRalph  S.  Johnson,  Chief  Forester,  Mersey  Paper  Co. 
Ltd.  )89t 

ONTARIO 
Fon  William 

Great  Lakes  Lumber  8c  Shipping,  Ltd.,  Lumber  Div. 
(J.  N.  Swinden,  Mgr.),  Bra  3!^  16)0s 

Kitchener 

R.  C.  Stock,  Dist.  Mgr..  Perkins  Glue  Co.  of  Canada. 
Ltd.,  629  Queen  St.,  So.  1672a 

Mai  ton 

Wm.  J.  Sandenon,  Pres,  and  Gen.  Mgr.,  Central  Air¬ 
craft.  Ltd.  287t 

Ottawa 

fWm.  J.  LeClair,  Sec.-Mgr.,  Canadian  Lumbermen's 
Assn.,  27  Goulbourn  Ave.  202v 

tT.  A.  McElhanney,  Supt.,  For.  Prods.  Lab.  of  Canada. 

Cor.  Isabella  8c  Metcalfe  Sts.  268t 

Preston 

P.  R.  Hilborn,  Pres.,  Preston  Furn.  Co.,  Dd.,  18) 
King  St.  223)v 

Toronto 

fR.  N.  Johnston,  Chief.  Div.  of  Research,  Ontario  Dept. 
LancTs  8c  Forests.  Room  2)02,  East  Block.  Parlia¬ 
ment  Bldgs.  20v 

tH.  Borden  Marshall,  Res.  Fellow,  Ontario  Res.  Found.. 

43  Queens  Park  318v 

J.  W.  B.  Sisam.  Dean,  Faculty  of  Forestry,  Univ.  of 
Toronto,  St.  George  St.  1778v 

PENNSYLVANIA 

Benton 

Joseph  F.  Stauss  1726v 

Chambersburg 

fPaul  B.  Porter,  Sec.-Treas.,  Chambersburg  Lbr.  Co. 

))IT 

Dallastown 

Guy  T.  Hobbs,  Pres.,  Guy  Hobbs,  Inc.  13)6v 

Downingtown 

R.  T.  DePan,  Development  Engr.,  Downingtown  Man¬ 
ufacturing  Co.  1382t 

Downingtown  Manufacturing  Co.  (Harry  C.  Merritt, 

V.  P.)  1381s 

tHarry  C.  Merritt.  Downingtown  Mfg.  Co.  234v 

Emlenton 

H.  C.  Colby,  Jr.,  Emlenton  Resins  Co.,  Main  St. 

1836v 

Elkins  Park 

tW.  Linton  Getz,  403  Township  Line  Rd.  (17)  ))4v 

Erie 

B.  E.  Claridge,  Sec.,  Hammermill  Paper  Co..  East 

Lake  Rd.  I4l4v 

Walter  C.  Erson,  Frank  C.  Snedaker  8c  Co.,  Inc. 

1879V 

Frenchville 

Jesse  C.  Royer,  Sawyer.  Triangle  Lumber  Co.  1346v 

Jeannette 

I.  L  Halsted.  Sr.,  V.  P.,  Scottdale  Wood  Products 

.  Inc.,  423  No.  3rd  St.  1294v 

Lancaster 

Alfred  E.  Oviatt.  Architect  (Research),  Armstrong 

Cork  Co.  2l40v 

John  F.  Peck.  Vice-Pres..  The  B.  B.  Martin  Co., 
James  8c  Charlotte  Sts.  1282v 

Lansdale 

flames  F.  Hamilton,  700  E.  Seventh  St.  7v 

Perkins  Glue  Co.  (James  F.  Hamilton,  Technical 

Service  Director)  13175 
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HAMMOND  LUMBER  COMPANY 

417  MONTGOMERY  STREET  SAN  FRANCISCO.  CALIFORNIA 


MANUFACTURERS  and  DISTRIBUTORS 
of 

CALIFORNIA  REDWOOD 

Mills:  SAMOA  and  EUREKA.  CALIFORNIA 


36  Distributing  Yards  in  California 

EASTERN  SALES  OFTICE:  SOUTHERN  CALIFORNIA  OFnCE:  i 

Hammond  Lumber  Co.«  Inc.  Hammond  Lumber  Company 
35  East  Wackor  Dnvs  2010  South  Alomsda  Stroot 

Chicago,  Illinois  Los  Angeles,  California 


DiMton  makes  a  Chain  Sow  ior  every 
wood  cutting  Job— large,  medium  or  small 
timber.  Disston  Chain  Saws  with  SVi  h.p. 
gasoline  engines  include:  the  18"  or  24" 
One-Man  Saw;  the  One-Man  Bow  Saw; 
the  30"  Light  Convertible  Saw  for  one  or 
two-man  operation. 

The  12  h.p.  Disston  Extra  Duty  Chain  Saw 
cuts  easily  through  the  largest  timber.  The 
Extra  Duty  in  2'  to  7'  lengths. 

HENRY  DISSTON  &  SONS,  Inc. 

Philadelphia  35,  Pa. 


A  Complete 
Line  of 

CHAIN  SAWS 
by  DISSTON 


All  softwoods  and  hardwoods 


•  Fir 

•  Oak 

*  Plytex 

•  Pine 

•  Maple 

♦  Deco-ply 

•  Gum 

•  W^nut 

•  Venetex 

•  Birch 

•  Mahogany 

*  Plypreg 

Over  30  species  in 

warehouse 

★ 

Engineering  Department  for  Special 
Ginsultations 


M.  B.  Wells  John  H.  Sweeney 

Write  for  Price  List  to: 

1731  Elftoo, 
Dept.  FR 
Qiicago,  Illinois 
Aimiuge  6-7100 
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PENNSYLVANIA— Continued 
Littletown 

tjames  S.  Cairns,  Vice-Pres.-Tres.-Gen.  Mgr.,  Keystone 

Cabinet  Co.  )86v 

Lock  Haven 

W.  E.  Byron  Baker,  Mgr.,  Paper  Research,  N.  Y.  & 
Penn.  Co.,  Inc.,  263  North  Fairview  St.  I44v 

Nazareth 

tC.  Frederick  Martin,  Gen.  Mgr.,  C.  F.  Martin  &  Co., 
10  West  North  St.  709v 


Philadelphia 

Edward  J.  Albert,  Pres.,  Thwing-Albert  Instrument 
Co.,  Penn.  St.  &  Pulaski  Ave.  (44)  2007v 

tArmin  E.  Allen,  Products  Mgr.,  Radio  Division,  Philco 
Corp.,  Tioga  and  C  Sts.  i06v 

tP.  D.  Brentlinger,  Forester,  Pennsylvania  RR,  Room 
700,  15  No.  32nd  St.  843v 

fNorman  C.  Bye,  Henry  Disston  &  Sons,  Inc.,  Unruh 
and  Milnor  Sts.  (35)  594v 

Martin  Chudnoff,  2524  N.  31st  St.  1264as 

tP.  M.  Coleman,  Pres.,  American  Cross  Arm,  Inc.. 

Delaware  &  Oregon  Aves.  (48)  679v 

fR.  C.  Fraunberger,  S.  E.  Industries,  Inc.,  %  Philco 
Corp.,  Tioga  and  C  Sts.  (34)  446v 

W.  H.  Fulweiler,  Chem.  Engr.,  Room  722,  Commer¬ 
cial  Trust  Co.,  16  So.  Broad  St.  (2)  908v 

tj.  D.  Gallagher,  Asst.  Sales  Mgr.,  Keystone  Wood 
Preserving  Co.,  1736  Lincoln  Liberty  Bldg.  (7)  494v 
William  P.  Gillespie,  Mkt.  Req.  Dept.,  Henry  Disston 
&  Sons,  Inc.,  iJnruh  &  Milnor  Streets  (35)  2176v 

fRobert  P.  Hopkins,  Devel.  Chem.,  Resinous  Products 
&  Chemical  Co.,  5000  Richmond  St.  (37)  174v 

S.  Ward  Hughes,  Thompson  Mahogany  Co.,  Edmund 
St.  &  Bleigh  Ave.  (36)  1275v 

tDan  H.  L.  Jensen,  Mgr.,  Prod.  Design  &  Devel.  Dept., 
Philco  Corp.,  C  and  Tioga  Sts.  (34)  530v 

fFrank  McCloskey,  Pres.,  McOoskey-Grant  Corp.,  20th 
&  Indiana  Ave.  (32)  617v 

Paul  A.  Muehiman,  V.  P.,  Frank  C.  Snedaker  &  Co., 
Inc.,  3537  N.  9th  St.  (40)  979v 

tPhilco  Corp.,  Corp.  Div.  (R.  C.  Fraunberger),  Tioga 
&  C  Sts.  (34)  410s 

tEric  W.  Strandberg,  Plant  Supt.,  John  E.  Sjostrom 
Co.,  1715  No.  10th  St.  (22)  811v 

Henry  S.  Thompson,  Sec.-Treas.,  Insular  Lumber  Co.. 
1405  Locust  St.  (2)  1404v 

Pittsburgh 

Ransom  P.  Honeywill,  Pres.,  Honeywill  &  Co.,  Inc., 
1105  Washington  Blvd.  (6)  1918v 

Hal  Keely,  Hal  Keely  Plywood  Co..  624  E.  Carson 
St.  1080V 

Koppers  Compai^,  Inc.  (George  A.  Wagner,  Mgr., 
1201  Koppers  Bldg.  (19)  113s 

John  F.  Lutz,  Student,  Yale  Univ.,  19  Bell  Ave.  (5) 

I690as 

tC.  D.  Magdsick,  U.  S.  Steel  Corp.  of  Del.,  436  7th 
Ave.  (30)  468v 

W.  F.  Newton.  Mgr.,  Market  Res.  &  Dev.,  Pittsburgh 
Plate  Glass  Co.  (13)  191  Iv 

tJ.  N.  Roche,  Mgr.,  Tech.  Control,  Koppers  Co.,  Inc.. 

P.  O.  Box  7372,  Oakland  Station  (13)  390v 

tHarry  R.  Sheppard,  Mellon  Inst.,  4400  5th  Ave.  (131 

578v 

fGrant  B.  Shipley,  Chrmn.,  Elliot  Co.,  3010  Koppers 
Bldg.  (1?)  317v 

Gilbert  Thiesen,  Tech.  Advisor.  Koppers  Co.,  Inc.. 

Chemical  Div.,  2337  Koppers  Bldg.  (19)  965v 

tGeo.  A.  Wagner.  Mgr.  Creosote  Sales,  Tar  Prod. 
Div.,  Koppers  Co.,  Inc.,  1200  Koppers  Bldg.  (191 

5l6v 

Red  Lion 

James  F.  Sechrist,  Red  lion  Cabinet  Co  lOOlv 

Renovo 

Eugene  J.  Evancoe,  Forester  &  Surveyor,  426  Penn, 
sylvania  Ave.  1958v 

Ridley  Park 

Harold  E.  Relyea,  Training,  Scott  Paper  Co.,  20  We«t 
Ward  St.  1756v 

Scottdale 

Irving  L.  Halsted.  Pres.,  Scottdale  Wood  Products. 

Inc.,  Box  36  1283v 

Sewickley 

tClarence  W.  Farrier,  Dir.  of  Res..  Gunnison  Home'- 
Inc..  R.  D.  No.  2  Fern  Hollow  Rd.  at  Camp  Meet¬ 
ing  Rd.  315v 

Spring  Grove 

James  E.  Johnson,  Pulp  &  Paper  Tech.,  P.  H.  Glar- 

felter  Co.  1887v 


Sute  College 

George  T.  Bird,  Student,  Pa.  State  College,  317  E. 


Beaver  Ave.  21  lias 

Mark  W.  Deichman,  Student,  State  College,  160  W. 

Fairmount  Ave.  2072as 

Merwin  W.  Humphrey,  352  East  Irvin  Ave.  1303a 

tNewell  A.  Norton,  Prof,  of  Wood  Utilization,  Dept. 

of  forestry.  State  College  749v 

Arthur  D.  Syska,  Student,  Pennsylvania  State  College, 
214  So.  Allen  St.  liMis 

Union  City 

George  W,  Le  Fevre,  Dry  Kiln  Operator,  Yoik  & 
Foster,  Inc.,  55  Fourth  Ave.  890v 

Upper  Darby 


tCharles  R.  Lockard,  In  Charge,  For.  Util.  Serv., 
Northeastern  For.  Exp.  Sta.,  102  Motors  Ave.  495v 
Fred  C.  Simmons,  Forester,  For.  Util.  Serv.,  North¬ 
eastern  For.  Exp.  Sta.,  102  Motors  Ave.  2063v 
Warren 

fT.  K.  Creal,  Gen.  Mgr.,  Paramount  Furn.  Co.,  P.  O. 
Box  569  620v 

Waynesboro 

Frick  Con^ny,  (D.  Norris  Benedict,  Pres,  and  Gen. 
Mgr.),  W.  Main  St.  1467s 

West  Chester 

Joseph  T.  Rothrock,  Supervisor,  S.  S.  Seeley  &  Sons, 
304  W.  Miner  St.  1255v 

West  Newton 

fDonald  S.  Elliott,  Vice-Pres.,  Admiral  Homes,  Inc. 

208v 

Williamsport 

Paul  H.  Koenig,  Williamsport  Furn.  Co.  (63)  2177as 

York 

tHoward  S.  Foster,  1720  Monroe  St.  596v 

J.  Wm.  Stair,  B.  M.  Root  Co.,  S.  Sherman  St.  2214a 


QUEBEC 

Chicoutimi 

tBernard  David  Fraden,  Pres.,  Bois  L’ongnal  Royal 
Enr.,  44  Boulevard  McLeod  6l2v 

Duchesnay,  Coun^  Portneuf 

Dr.  Joseph  Risi,  Director,  Forest  Products  Laboratory 

1588v 

Gatineau 

John  Huberman,  International  Plywoods  Limited. 

I462v 

Kenogami 

tHarold  S.  Hill,  Dir.  of  Res.,  Price  Bros,  tc  Co.  Ltd. 

291v 

La  Tuque 

William  H.  Guttentag,  Plant  Mgr.,  Northern  Veneer 
&  Plywood  Co.,  Ltd.,  P.  O.  Box  200  2132v 

Montreal 

fLoren  L.  Brown,  Vice-Pres.,  Dominion  Tar  8r  Chem. 

Co.,  Ltd.,  2240  Sun  Life  Bldg.  433v 

Alex  Bruun,  Pres.,  Alex  Bruun  Ltd.,  3025  Sherbrooke 
St.  W.,  Suite  33  -  201  Iv 

tjacques  De  Liniers,  Pres.,  Wood  Preserv.  Industries, 
Ltd.,  2807  Willowdale  Ave.  378v 

Douglas  Jones,  Canadian  Pulp  &  Paper  Assn.,  3420 
University  St.  t2)  1051v 

tA.  Korolen,  Dir.  of  Woodlands  Research,  Pulp  & 

Paper  Res.  Inst,  of  Canada.  3420  University  St. 

409v 

Claude  F.  Maheu,  3534  Rue  de  la  Montagne  1593v 

tH.  Stirling  Maxwell,  Vice  Pres.,  E.  J.  Maxwell,  Ud.. 

5080  St.  Ambroise  St.  119v 

tGustave  Clodomir  Piche,  Consulting  Forest  Engr.,  3667 
St.  Hubert  St.  533v 

Quebec 

tMarie-Albert  Bourget,  Prof,  of  Forest  Prod.  &  Consul. 

Engr..  40  des  Braves  Ave.  550v 

tJ.  A.  Breton,  Forest  Engr.  &  Mgr.,  Quebec  Forestry 
Assn..  286  St.  Joseph  St.  84v 

tG.  E.  LaMothe,  Chief  Logging  Engr.,  Price  Bros.  & 
Co.  269v 

Rimouski 

Paul  Paradis,  Mgr.,  Paradis  &  freres,  P.  O.  Box  300 

1645a 

St.  Lambert 

tJ.  F.  Seguin,  Man.  Dir.,  J.  J.  Seguin  Co.,  Ltd.  (23) 

469s’ 


RHODE  ISLAND 
Pawtucket 

Charles  C.  Lavendier,  Pres.,  William  N.  Jacques,  Inc. 
Box  402  1281V 
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The  Perkins  Trade  Mark  is  your  guarantee  of  quality  and  relia* 
bility  when  you  purchase  glues.  Since  1899,  customer-confidence 
in  Perkins  has  grown  steadily  — a  deserved  tribute  to  superior 
products  backed  by  competent  service  and  rigid  ethical  standards. 
When  you  use  a  Perkins  Clue  in  your  operations,  you'll  agree 
with  other  leading  woodworkers— ffiat  Perkins  serves  you  best! 


1 

I 


RESIN — Hat  Press  oed  Cold  Press  •  Liqeid  er  Powder  Type 
CASEIN  —  A  breed  liee  to  Meet  yeer  specific  reqelroMeet 
VEGETABLE  —  As  erigieeted  and  perfected  by  Perkies  Glee  Ce. 
ANIMAL — Reedy-te-ese  Liqeid  •  Heot-theii-ese  Gel 

•  •  • 

VENEER  AND  CORE  REPAIR  COMPOUNDS  •  VENEER  SIZE 
GLUE  ROOM  SPECIALTIES  •  MIXERS  •  SPREADERS  •  BRUSHES 


PEhKINS 


VEGETABLE 


eSTABLISHtD  1899 


LANSDALE,  PA. 


KITCHENER,  ONT. 
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RHODE  ISLAND— Continued 
Providence 

Mario  R.  Russtllo,  Gen.  Mgi.,  Milo  Industries,  }47- 
35J  Huntin^on  Ave.  (9)  2240v 

fWilfred  E.  Varieur,  Pres.,  Universal  American  Corn., 

Box  1312  763v 

Westerly 

Chris  P.  Sorensen,  Pres.,  Sorensen  &  Peters,  Inc.,  Box 

145  I695v 


VERMONT 


Benningtoa 

tClarence  E.  Irion,  Ben  Mont  Papers,  Inc. 


Bethel 

Pyles  &  Rice  Co.,  Inc. 


(Delbert  M.  Steams, 


160v 

Pres.) 

1131s 


Brattlcboro  .  _ 

tVictor  L.  Morse,  Editor.  Brattleboro  Publishing  Co., 
16  Prospect  Ct.  825v 


Frederick  J.  Turner,  County  Forester,  Vermont  For. 
Serv.  1779V 


Emerson  L.  Frost,  Student,  Univ.  of  Vermont,  Cedar 
St.  1368as 

Pownal 

Siegfried  W.  Tolle,  Vice-Pres.  &  Treas.,  Northeast 
Wood  Products,  Inc.  1621t 

Rutland 

Richard  C.  Rose,  Pres.,  Sable  Mountain  Corp.,  46y2 
Center  St.  194lv 

So.  Shaftsbury 

John  D.  Clawson,  Mgr.,  Eagle  Square  Mfg.  Co.  1917v 
Scodebtidge 

Howard  H.  Coe,  Supt.,  Stockbridge  Mill,  Eagle  Square 
Mfg.  Co.  20l6v 

tGale  H.  Shaw,  Treas.,  Stoware,  Inc.  545v 


SOUTHEAST  REGION 


DELAWARE 

Camden 

tGeorge  E.  McNeice,  Box  173  780v 

Newark 

Percival  R.  Roberts,  Jr.,  Owner,  Roberts,  57  East 
Cleveland  Ave.  1322a 

Wilminnoa 

tjoseph  N.  Borglin,  Hercules  Powder  Co.,  Naval  Stores 
Dept.  (99)  676v 

tRobert  W.  Cairns,  Asst.  Dir.  of  Research,  Hercules 
Powder  Co.  (99)  177v 

tRobert  L.  Krause,  Ind.  Fungicide  Res.,  Grasselli  Chem. 
Dept.,  E.  I.  duPnot  de  Nemours  &  Co.  597v 

H.  M.  Kvalnes,  Chemist,  E.  I.  Du  Pont  de  Nemours 
Co.,  P.  O.  Box  424  (19)  1733a 


DISTRICT  OF  COLUMBIA 
Washington 

tRobert  R.  Blumenstein,  Timber  Engineering  Co.,  Res. 

Lab.,  4812  Minnesota,  N.  E.  (19)  221v 

tjames  H.  Carr,  Jr.  Secy.,  Timber  Eng.  Co.,  Apt.  309- 
4831— 36th  St.  N.  W.  222v 

tRichard  A  Colgan,  Jr.,  Natl.  Lbr.  Mfgrs.  Assn.,  1319 
18th  St.,  N.  W.  (6)  439v 

tFrank  W.  Cortright,  Exec.  V.  P.,  Natl.  Assn,  of  Home 
Bldrs.,  1028  Connecticut  Ave.,  N.  W.  (6)  105v 

tRobert  W  Davis,  Sec.-Mgr.,  Amer.  Veneer  Pkg.  Assn., 
Inc..  1526  M  St..  N.  W.  (5)  lOlv 

tEduard  Farber,  Chief  Chemist,  Timber  Eng.  Co., 
4812  Minnesota  Ave..  N.  E.  (19)  223v 

tThomas  G.  Gill,  Apt  #27,  211  Delaware  Ave.,  S.  W. 

(4)  42v 

tRalph  H.  Gloss.  Struct.  Engr.,  Timber  Eng.  Co.,  1519 
18th  St..  N.  W.  (6)  224v 

tFrank  J.  Hanrahan,  Chief  Engr.,  Natl.  Lbr.  Mfgrs. 

Assn.,  6220  Wagner  Lane  (16)  4l3v 

tCharles  H.  Hoffman,  Wood  Technologist,  Timber  Eng. 

Co.,  4812  Minnesota  Ave.  N.  E.  (19)  225v 

tRobert  A.  Holcombe,  Chemist,  Timber  Eng.  Co., 
4812  Minnesota  Ave.,  N.  E.  (19)  226v 

tC.  D.  Hudson,  Exec.  V-Pres.,  National  Wooden  Box 
Assn.,  201  Barr  Bldg.  (6)  834v 

tGeorge  Kitazawa,  Wood  Technologist,  Timber  Eng. 

Co.,  4812  Minnesota  Ave..  N.  E.  (19)  491  v 

tjohn  G.  Kuenzel,  For.  Prods.  Materials  Engr.,  Bureau 
of  Ships,  Navy  Dept.,  Rm.  434  (25)  524v 

tShirley  Ruth  Mack,  News  Ed..  Natl.  Lbr.  Mfgrs.  Assn. 

News.  1319  18th  St.  N.  W.  (6)  440a 

F.  A.  McClure,  Field  Service  Consultant  on  Bamboo. 
Office  of  Foreign  Agricultural  Relations,  USDA 
Bamboo,  National  Hemarium,  Smithsonian  Institute 
(25)  978v 

tHerbert  B.  McKean.  Asst.  Dir.  of  Research,  Timber 
Eng.  Co..  1319— 18th  St.,  N.  W.  (6)  227v 

tHerbert  U.  Nelson,  Exec.  V.  P.,  Natl.  Assn  of  Real 
&tate  Boards.  1737  K.  St..  N.  W.  •  46a 

tGeorge  T.  Olson,  Forester,  2802 — 31st  St.,  S.  E.  (20) 

726v 

W.  A.  Penrose,  Asst.  Secy.,  American  Wood  Preservers 
Assoc.,  1427  Eye  Street,  N.  W.  (5)  1874a 

Nicholas  V.  Poletika,  Technologist.  Timber  Eng.  Co., 
Research  Lab.,  4812  Minnesota  Ave.,  N.  E.  (l9) 

1333as 

tCarl  A.  Rishell.  Dir.  of  Research.  Natl.  Lbr.  Mfgrs. 
Assn..  1319  18th  St..  N.  W.  (6)  15v 


tMatthew  Sciascia,  Research  Chemist,  Timber  Engrg. 

Co.,  4812  Minn.  Ave.,  N.  E.  (19)  228v 

tjohn  F.  Shanklin,  Asst.  Dir.  of  Forests,  Dept,  of  Int., 
Rm.  7248,  Interior  Bldg.  (25)  86v 

tL.  W.  Smith,  For.  Prod.,  Technologist,  U.  S.  Forest 
Service,  6815  Barr  Rd.  511v 

tjos.  L.  Stearns.  Jr.,  Supt.  Research  Lab.,  Timber 
Engrg.  Co.,  4812  Minn.  Ave.,  N.  E.  (19)  229v 

tHarry  H.  Steidle,  Prefabricated  Home  Mfgrs.  Inst., 
908— 20th  St..  N.  W.  (6)  34v 

tjay  M.  Stevens,  Bur.  of  Aeronautics,  Navy  Dept.  (AE- 
44)  (25)  658a 

tG.  G.  Sward,  Asst.  Dir.,  ScientiEc  Section,  Natl. 
Paint,  Varnish  &  Lacquer  Assn.,  1500  R.  I.  Ave.  (5) 
N.  W.  249v 

tGeo.  W.  Trayer,  Chief,  Div.  of  Forest  Products,  U.  S. 

Forest  Serv.  (25)  31v 

tHarry  G.  Uhl,  Pres.,  Timber  Engrg.  Co.,  1319  18tli 
St.,  N.  W.  (6)  230v 

Donald  A.  Wallance,  1908  Eye  St.,  N.  W.  (6) 

1102v 

Carlile  P.  Winslow,  Metropolitan  Club  1037v 

tR.  M.  Wirka,  Asst.  Chief,  Div.  of  Forest  Products. 
U.  S.  Forest  Service  (25)  38v 


FLORIDA 

Chattahoochee 

Stanley  Sheip,  Pres.,  Wood  Cellulose  Products  Co., 
Box  56,  River  Junction  P.  O.  21l6v 

Fort  Lauderdale 

Herbert  H.  Chesney,  Gate  City  Lumber  &  Supply  Co., 
Box  901  985a 


Gainesville 

tBruce  Bullion,  Plant  Supt.,  American  Lumber  &  Treat¬ 
ing  Co.,  Box  134  684v 

K.  H.  Graham,  Bus.  Mgr.,  Univ.  of  Fla.  Library  1121v 
tLawrence  W.  Mims,  Plant  Mgr.,  Cabot  Carbon  Co., 
P.  O.  Box  137  6l0v 

tHarold  S.  Newins,  Director,  School  of  Forestry,  Univ. 

of  Fla.  23v 

tMilton  E.  Ryberg,  Technologist,  Southeastern  For. 

Expt.  Sta..  U.  S.  Forest  Serv.  480v 

tStanley  L.  West,  Dir.  of  Libraries,  Univ.  of  Fla.  377a 


Hollywood 

fFred  J  Stewart,  Chief  Engr.,  Broward  County  Port 
Authority  of  Port  Everglades,  1700  Mayo  St.  522v 
Jacksonville 

tChas.  J.  Williams.  Pres.,  Moore  Dry  Kiln  Co.,  Box 
4248  (1)  322v 

Lakeland 

fWalter  Buehler,  Cons,  in  Wood  Tech.  &  Wood  Pres, 
to  the  Sch.  of  Forestry  of  Univ.  of  Fla.,  R.  R.  1 — 
Box  291  357v 

Mt.  Dora 

W.  L’E.  Barnett,  Orange  Grower,  P.  O.  Box  26 

1993a 

Miami 

A.  Bailey  Clark,  Atlantic  Millworks,  7636  N.  E.  Fourth 
Court  (38)  2212a 

Chas.  Roman,  Pres..  Roman  Furniture  Service,  Inc., 
406  N.  W.  34th  St.  (38)  1539a 

Orlando 

Chas.  W.  Bringman,  Mgr.,  Charles  W.  Bringman — 

Machinery,  310  East  Orlando  Ave.  1820a 
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^DiRECPFLO^ 


NO^TH  COAST^Jf^ 

The  North  Coast  “Direct-Flo”  Kiln  is 
efficient.  The  fans  are  positioned  at  the 
side  of  the  lumber  loads.  The  air  fol¬ 
lows  the  shortest  possible  “Direct-Flo” 
patch.  Uniform  and  reversible  air  cir¬ 
culation  through  the  lumber  courses  is 
accomplished  with  the  lowest  unit 

hes.  North  CooMt  Kiln,  .r«  sound  in  the  Po^er  consumption  of  the  fans, 
basic  lundamentsls  oi  eSectiye  drying. 

Write  for  details  about  North  Coast  Kilns 

C.  M.  LOVSTED  &  CO.,  INC. 

2202  FIRST  AVENUE  SO.,  SEATTLE  4,  WASHINGTON 
OmCES  &  WAREHOUSES  IN  SAN  FRANCISCO— LOS  ANGELES— HONOLULU— MANILA.  P.  I. 


Thesm  North  Coast  Kiln,  ara  sound  in  the 
basic  fundamentals  oi  eSectiye  drying. 


OREGON  LUMBER  COMPANY 

LUMBER  MANUFACTURERS 

Mcmulacturers  oi  Pine  Spedolties  Irom  "JOHN  DAY" 
Ponderosa  Pine.  Structural  Timbers  and  Fir  Products 
from  "MT.  HOOD"  Douglas  Fir. 


PINE  OFFICE  AT  BAKER  OREGON 
FIR  OFFICE  AT  DEE  OREGON 
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FLORIDA — Continued 
Pensacola 

Charles  Soule,  V.  P.  &  Gen.  Mgr.,  Escambia  Treat¬ 
ing  Co.,  P.  O.  Box  1710  21}7v 

Tampa 

J.  A.  Greenwald,  Jr.,  Lumber  Impregnation  Eng., 
Cuprinol  Div.,  Draworth  Inc.,  3000  San  Nicholas 
St.  (9)  1725V 

GEORGIA 

Athens 

Mason  C.  Cloud,  Jr.,  Grad.  School  of  For.,  Univ.  ot 
Georgia  202  Iv 

B.  F.  Grant,  Prof,  of  Forestry,  Univ.  of  Georgia  1704v 
John  A.  Haislet,  Student,  Univ.  of  Georgia,  135  Wad¬ 
dell  St.  2005as 

Atlanta 

tBruce  E.  Anderson,  V.  P.,  The  Gavan  Co.,  Inc.. 

2162  Piedmont  Rd.  112v 

Thomas  E.  Avery,  Student,  52  Montgomery  St.,  S.  E. 

1819as 

John  B.  Chandler,  Sales  Engr.,  The  Bristol  Co.,  231 

tRichard  E.  Davis,  747  Cumberland  Rd.,  N.  E.  323v 
Clarence  W.  Dietterich,  Managing  Dir.,  Southern  Ply- 
wood  Mfrs.  Assn.,  728  W.  Peachtree  St.,  N.  W. 
(3)  1512V 

fW.  C.  Meredith,  Jr.,  Pres.,  W.  C.  Meredith  Co.,  Inc., 
P.  O.  Station  A.  773v 

tjoseph  G.  Rowell,  1925  Ponce  de  Leon  Ave.,  N.  E. 

567a 

Southern  Wood  Preserving  Co.,  (J.  A.  Vaughan,  Re¬ 
search  Engr.),  P.  O.  Station  A  1150s 

fNathan  Sugarman,  Research  Asst.  Prof.,  Chem.  Engrg. 
Georgia  School  of  Technology,  880  Cherry  St., 
N.  W.  730v 

fVincent  F.  Waters,  Geiu  Mgr.  ti  Editor,  Southern 
Pulp  &  Paper  Manufacturer,  75  3rd  St.  212v 

Austell 

W.  F.  Collar,  Mgr.,  Austell  Cabinet  Co.,  P.  O.  Box  95 

881 V 

Brunswick 

tjames  S.  Bethel,  Asst.  Mgr.,  Tidewater  Plywood  Co. 

97v 

Jacob  B.  Huffman,  Wood  Tech.,  Tidewater  Plywood 
Co.,  Box  177  1597V 

John  A.  Vousden,  Student,  Route  fl,  Dover  Hall 

136las 

Cordde 

Ben  M.  Turner,  Asst.  Secy.  &  Treas.,  Cordele  Sash, 
Door  &  Lumber  Co.  ~  I631v 

Ellijay 

Lee  S.  Settel.  Gen.  Mgr.,  Appalachian  Oak  Flooring 
&  Hdwd.  Corp.,  Box  225  1856v 

Fott  Benning 

James  Psstoret,  %  Lt.  Col.  A.  •  T.  Pastoret,  Station 
Hospital,  Dental  Clinic  1822as 

Griffin 

W.  L.  Joiner,  Jr.,  Sec.-Treas.,  Griffin  Wood  Products 
Co.  1720V 

Bfacon 

Shivers  L.  Anderson,  Jr.,  805  Mikado  Ave.  I485as 

Earle  T.  Newsom,  Jr..  Forester,  Interstate  Land  tc 
Improvement  Co.,  R.  F.  D.  6  1898v 

Rockman 

Paul  R.  Schwarts,  Plant  Mgr.,  Chicago  Mill  8c  Lumbc' 
Co.,  307  S.  Marble  St.  I609v 

MARYLAND 

Baltimore 

D.  G.  Hatchard,  Sales,  Westinghouse  Electric  Corp.. 

2519  Wilkins  Ave.  (3)  IgkMi 

Albert  A.  Salt,  American  Lumber  &  Treating  Co.,  Box 
2765^(25)  1624V 

ft.  C.  Shanks,  Engr.,  Babcock  Mach.  Co.,  Inc.,  P.  O. 

Box  255  (3)  427V 

tThomas  A.  Wilson,  Garden  Apts.,  Stoney  Run  Dine 
(10)  733v 

August  Wohlmutiier,  Engr.,  Maryland  Engineering  Co.. 
Greenwood  Rd.,  Pikesville  (8)  2069v 

-  Beltsville 

tCarl  Hartley,  Plant  Pathologist,  U.  S.  Bur.  of  Plant 
Ind.,  Plant  Ind.  Sta. — Forest  Pathlgy.  423v 

tj.  D.  Long,  Div.  of  Agric.  Eng.,  Agricultural  Research 
Center  130v 

Bethesda 

Roger  W.  Eisinger,  Sec.,  Eisinger  Mill  &  Lumber  Co., 
Bethesda  Ave.  (14)  1320a 


Chevy  Chase 

tRichard  G  Kimbell,  Dir.  Tech.  &  Standards  Dept., 
Natl.  Lbr.  Mfgrs.  Assn.,  8  E.  Thornapple  St.  120v 
Hagerstown 

Harry  F.  Beatty,  Supt.,  Brandt  Cabinet  Works,  Inc., 

Pennsylvania  Ave.  1504v 

Mt.  Rainer 

R.  M.  Pierce,  3614  Rhode  Island  Ave.,  N.  W.,  Apt.  3 

1269v 

SalisbufT 

tWalter  F.  Craig,  Sales  Mgr.,  J.  I.  Wells  Co.,  P.  O. 

Box  312  300v 

Nugent  E.  Rex,  417  Druid  Hill  Ave.  2008v 

tJ.  1.  Wells,  Owner,  J.  I.  Wells  Co.,  P.  O.  Box  312 

299v 

J.  I.  Wells  Co.,  (J.  I.  Wells.  Owner).  Box  312  1454s 
Westemport 

tRobert  M.  Gerfin,  Field  Supervisor,  W.  Virginia  Pulp 
&  Paper  Co.  209v 

.  V 

NORTH  CAROLINA 
Asheville 

tRichard  A.  Hertzler,  Tech.  SE  For.  Expt.  Sta.,  U.  S. 

Forest  Service,  Federal  Bldg.  626v 

tWalton  R.  Smith,  For.  Utiliz.  Serv.,  Southeastern  For. 

Exp.  Sta.  572v 

Arthur  S.  Todd,  Jr..  Forester,  Southeastern  For.  Exp. 
Sty.,  P.  O.'  Box  58  1773v 

Biltmore 

Robert  C.  Buchholz,  Forester,  Draper  Corp.,  Box  5183 

1967V 

Harvey  J.  Longhead,  Consulting  Forester,  15  E.  For¬ 
est  Road  I4l3v 

Blade  Mountain 

Robert  K.  Morgan,  V.  P.,  Morgan  Manufacturing  Co., 
Inc.,  Box  458  1072a 

The  Champion  Paper  &  Fibre  Co..  Canton  Division 

1177s 

tW.  P.  Lawrence,  Research  Dept.,  The  Champion  Paper 
Sc  Fibre  Co.,  Canton  Div.  103v 

Charlotte  _ 

Harold  B.  Gatslick,  Tech.  Field  Rep.,  Monsanto 
Chemical  Co.  (Plastics  Div.),  1115  Johnston  Bldg. 
(2)  1728v 

Albert  B.  Maine,  Tech.  Rep..  Stein,  Hall  &  Company, 
Inc.,  1518  Providence  Road  (7)  1712v 

Clinton 

tRobt.  E.  Reed,  Cons.  Forester  8c  Saw  Mill  Operator 
Reed  Forestry  8c  Equip.  Co.,  Box  341  528v 

Drexel 

G.  V.  Chapman,  Drexel  Furniture  Co.  1057v 

Durham 

Verne  F.  Bliss,  Student,  Duke  Univ.,  Box  5489  Duke 
Sta.  '  2081as 

Lyman  H.  Brigham,  Student,  Duke  Univ.,  Box  4385 
Duke  Sta.  2082as 

'John  W.  East,  Student,  Duke  Univ.,  Box  4366  Duke 
Su.  1709as 

tElwood  S.  Harrar,  Prof,  of  Wood  Tech.,  School  of 
Forestry,  Duke  Univ.  521v 

Robert  B.  Johnson,  Student,  Duke  Univ.,  810  Broad 
St.  1312as 

Jack  E.  Kelly,  Student,  Duke  Univ.,  Box  4298,  I3uke 
Sta.  2083as 

Woodrow  W.  King,  Student,  Duke  Univ.,  Box  5288. 

Duke  Sta.  1362as 

Clifton  B.  Marlin,  Student,  Duke  Univ.,  Box  4359. 

Duke  Sta.  2084as 

Jack  R.  Pfeiffer,  Student,  Duke  Univ.,  P.  O.  Box  5415, 
Duke  Sta.  2062as 

Prof.  A.  E.  Wackerman,  Duke  Univ.,  Box  4744,  Duke 
Sta.  2076v 

Goldsboro  _  _  . .  , 

W.  B.  Griffin,  Jr.,  %  A.  T.  Griffin  Manufacturing 
Co.,  North  George  St.  1082v 

Greensboro 

H.  K.  Phinney,  Sales  Engr.,  Bakelite  Corp.,  2319 

Fairfield  Ave.  1727v 

High  Point  _ _  _  , 

Henry  A.  Foscue,  Secy.  8c  Sales  Mgr.,  Globe  Parlor 
Furniture  Co.,  P.  O.  Box  391  I652v 

J.  M.  Lancaster,  Inc.,  (George  W.  Lancaster,  V.  P. 

8c  Asst.  Mgr.),  Box  962  1147s 

Clifford  E.  Lehmman,  Technician,  Peter  Cooper  Cor¬ 
poration  (Gowanda,  N.  Y.)  Box  1902  1828v 

tKenneth  Redman,  Owner,  Redman  Engrg.  Serv.,  P.  O. 
Box  1820  3l6v 
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LOW  COST 
METHODS 


$fiioll«r  lots  givon 
on«  day  sorvtca. 


&ucld  ^re  . 

n  (Mxe  cfou] 

PROTEXOL  -  the  .positive  proven-  process 
olces  lumber  fire,  rot  and  vermin  resistant 
...  in  one  convenient 
economical 
treatment. 


Your  lumber,  chemically  impregnated  by  the  Protexol  process,  can  mean  more 
business  for  you  —  through  new  uses . . .  and  increased  demand  for  making  homes 
and  buildings  safer,  stronger!  The  Protexol  process  enables  you  to  offer  fire,  rot 
and  vermin  resistant  lumber  without  increasing  your  inventories:  lumber  in  carload 
lots  can  be  treated  in  transit  (at  the  through  rail  rate),  or  smaller  truck  lots  can  be 
Protexol-impregnated  in  about  six  hours  and  returned  to  your  yard, 
e  Phone  or  write  today  for  information  and  prices  on  impregnating  your  lumber 
end  plywood  with  Protexol! 

*Acc*p>«d  by  national  fir*  aufhoriliot  for  over  60  yoart. 

tlipS.  IIFfi.  a  ^ 

MMfartCTfUIS  OF 

t775  StDNEV  STREET  ST.  LOUB  4,  MO.  CHICAGO.  ILL. 
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NORTH  CAROLINA— Continued 

J.  T,  Ryan.  Exec.  V.  P.,  Southern  Furniture  Mtrs. 

Assn.,  Box  9)1  l)0)a 

Remus  Smith,  Plant  Engr.,  Marsh  Furniture  Co.  1962v 

Kernccsrille 

C.  L.  Fulp,  Dist.  Mgr.,  The  Borden  Co.,  Chem.  Div. 

1543V 


Lenoir 

R.  E.  Norment.  Pres.-Treas.,  Kleemeier-Norment- 
Lambert,  Inc.,  P.  O.  Box  599  2224A 

Richard  E.  Norment,  Jr.,  313  East  Ave.  1719as 

Lexington 

J.  L.  Gordon,  Mgr.,  Gordon  Veneer  Co.  1253v 

Morgamon 

Sterling  R.  Collett.  Henredon  Furniture  Industries. 
Inc.  1064a 

North  Wilkesboro 

J.  E.  Justice.  Jr.,  Pres.,  Oak  Furniture  Co.  1319a 
Pat  M.  Williams,  Jr.,  Moore  Dry  Kiln  (Jacksonville), 
914  'E'  St.  1824v 

Pisgi^  Forest 

tMilton  O.  Schur,  Tech.  Dir.,  Ecusta  Paper  Corp., 
P.  O.  Box  200  171a 


Raleigh 

Steve  G.  Boyce.  State  Collet  Sta.,  Box  5775  1367as 

tRoy  M.  Carter,  Prof,  of  Wood  Utilization,  Forestry 
Div.,  N.  C.  State  College  183v 

Davis  R.  Godwin.  Student,  N.  C.  State  College,  5 
Rosemary  St.  1833as 

William  D.  Miller,  Assoc.  Prof,  of  Forestry,  Div.  of 
Forestry,  N.  C.  State  College  1721v 

Donalo  E.  Moreland,  Student,  N.  C.  State  College 

2110as 

fRichard  J.  Preston,  Jr.,  Div.  of  Forestry,  N.  C.  State 
Colley  523v 

Arthur  R.  Verbeck,  Student,  N.  C.  State  College,  Box 
3128,  4th  Dorm.  2030as 

Ray  Walker,  Student,  N.  C.  State  College,  Box  4335 

2l49as 

Lenthall  Wyman,  Professor  of  Forestry,  North  Caro¬ 
lina  State  College.  1186v 

Thomasville 

Thomasville  Chair  Co.  (Tom  A.  Finch,  Jr.)  1680s 


Wilmington 

G.  Colucci,  Pres.,  Southern  Box  &  Lumber  Co.,  Box 
627  1200V 

John  Colucci,  Jr.,  Sec.-Treas.,  Southern  Box  8c  Lum¬ 
ber  Co..  Box  627  1201V 

tPaul  W.  Wright,  Ind.  Forester,  Traffic  Dept.,  Atlantic 
Coast  Dne  R.  R.  Co.  430v 


Winston-Salem 

R.  M.  Stockton,  B.  F.  Huntley  Furniture  Co.,  P.  O. 
Box  1414  (1)  2199a 


SOUTH  CAROLINA 

acre!l\,'>Ki 

Cai\  H.  Stelling,  Buyer,  Georgia-Pacific  Plywood  8c 
Lfcr.  Co.  1943v 

Columbia 

J.  B.  Leek,  Columbia  Lbr.  8c  Mfg.  Co.,  P.  O.  Box  418 

2217V 

Hampton 

tE.  J.  Cutting,  Asst.  Lab.  Dir,  Piywoods-Plastics  Corp., 
Box  11  671v 

fThomas  H.  Vaughan,  Dir.  of  Res.,  Plywood-Plastics 
Corp.,  Box  301  M3v 

Marion 

A.  E.  Mitchell,  Mgr.,  Aiperican  Wood  Products  Corp. 

1592a 

Mil^ 

Lightsey  Brothers  (Oswald  Lightsey,  Co-Owner  and 


Mgr.)  13845 

Orangeburg 

tE.  C.  Haff,  836  Edisto  Ave.,  N.  W.  598v 

Pickens 

Thomas  I.  Mitchell,  Works  Mgr.,  Poinsett  Lbr.  8: 
Mfg.  Co.  1829V 

Spartanburg 

tW.  P.  Conyers,  Jr.,  P.  O.  Box  1323  507v 

tMonie  S.  Hudson,  Res.  Chem.,  Taylor-Colquitt  Co.. 

Box  1491  128v 

tA.  B.  Taylor,  Pres.,  Taylor-Colquitt  Co.,  290  E. 
Main  St.  822v 


Sumter 

R.  G.  Lenox,  Production  Mgr,,  Williams  Furniture 

Corp.,  230  Broad  St.  688v 

Lyman  Quincy,  Gen.  Mgr.,  Southern  Coatings  8c 

Chemical  Co.  16l0v 

Union 

J.  Nesbitt  Berry,  Partner  8c  Mgr.,  Berry  Lbr.  Co., 
N.  Church  St.  1684v 


VIRGINIA 

Alexandria 

B.  G.  Cline,  Jr.,  Student,  Yale  Univ.,  103  W.  Mason 
St.  '  1268as 


Altavista 

Edward  H.  Lane,  Jr.,  The  Lane  Co.,  Inc.  1062v 

Roy  H.  Sides,  Res.  Chem.,  P.  O.  Eiox  188,  The  Lane 
Company,  Inc.  1635v 

Steohen  K.  Smith,  Wood  Research  Engr.,  The  Lane 
Co.,  Inc.  1349v 

Blacksburg 

Ira  B.  Cochran,  Jr.,  Student,  Va.  Poly,  Inst.,  Bo\ 
510V  Va.  Tech.  Sta.  1823a 

Seth  Gordon,  Jr.,  Asst.  Prof,  of  Forestry,  Va.  Poly 
Inst.,  109  Cupp  St.  2009' 

Ira  Jacobson,  Student.  Virginia  Polytechnic  Institute 
Box  149,  Virginia  Tech.  Station  1472as 

tE.  George  Stern,  Prof,  of  Wood  Const.,  Engrg.  Exp 
Sta.  Va.  Poly.  Inst.  429' 

Bristol 

tRobt.  I.  Nebesar,  Vice-Pres.  (Chief  Engr.),  Universa' 

Moulded  Prod.  Corp.,  Commonwealth  Ave.  69' 

Charlotteaville 

tGeorge  W.  Dean,  State  Forester  of  Va.,  State  Forest 
Service,  Box  1368,  Univ.  Sta.  331a 

Lynchburg 

fR.  S.  Burruss,  Jr.,  Burruss  Land  &  Lbr.  Co.,  Box  129 

869' 

A.  Karl  Mock,  Wood  Buyer,  The  Mead  Corporation. 
3419  Summerville  St.  1895v 

Martinsville 

Roy  L.  Brooks,  Owner,  Brooks  Machinery  Co.,  Ford 
and  Depot  Streets  1939a 

Portsmouth 

Madison  M.  Riley,  Forester  8c  Logging  Supt.,  Planters 
Mfg.  Co.,  Maryland  Ave.  (Box  556)  1825v 

tC.  H.  Slingluff.  Vice-Pres.,  Atlantic  Creosoting  Co.. 
P.  O.  Box  553  779v 

Richmond 

The  Hofft  Company,  Inc.  (H.  C.  L.  Miller,  Pres.), 
914  Opitol  St.  (19)  2244s 

Raymond  V.  Long.  Comm..  Div.  of  Planning  8c  Econ. 
Development,  301  State  Finance  Bldg.  lS38v 

Ridgeway 

R.  E.  Palmer,  Vice-Pres.,  Henry  Co.  Plywood  Corp. 

'  1827V 

Roanoke 

fW.  E.  Carroll,  Methods  8c  Standards  Engr.,  Johnson- 
Carper  Furn.  Co.,  1205  Floyd  Ave,  Wasena  (1" 

777v 

Donald  L.  Jordan,  Johnson-Carper  Furniture  Co., 
Drawer  1220  (6)  1007v 

tH.  V.  Thaden,  Pres.,  Thaden  Jordon  Furn.  Co.,  Box 
1141  272v 


tE.  Sigurd  Johnson,  Cons.  Engr.,  517  Market  St.  305v 
Suffolk 

Vernon  E.  Ramsay,  Box  7  1861a 


WEST  VIRGINIA 


Kenneth  S.  Stewart,  Supt.,  Tygart  Valley  Wood  Proil 
ucts  Corp.,  Box  8  1278v 

Elkins 

Harry  C.  Fidler,  Allegheny  Lbr.  Co.  Ill6i 

Huntington 

Luther  O.  Griffith,  Grtffi  Lumber  Co.,  and  others 
Guaranty  Bank  Bldg.  1308v 

Morgantown 

tG.  G.  Marra,  Div.  of  Forestry.  Univ.  of  W.  Va.  58v 

Nick  A.  Possnack,  Student,  University  of  West  Vir 
ginia.  147  Newton,  College  Park  1329as 

Donald  H.  Rathbun.  Student,  University  of  West  Vir 
ginia,  1072  University  Ave.  1330.is 
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GORDON 

VENEER  COMPANY 


Manufactttrers  of 

Gum  and  Poplar  Rotary 
Cut  Veneer 


LEXINGTON,  NORTH  CAROLINA 


SAW  GUMMING 
MACHINE 


SPEEDS  WOBX— LOWEBS 
COSTS  .  .  .  Dom  pracisioa  Jeiatiiig — Guamiiag — 
Tooth  Formiag— Shorpoaing  oa  both  Bip  oad  Cut* 
OB  circular  taws  from  6  to  ^ia.  diamotor. 
Shapos  tooth  to  aay  dooirod  hook  aaglo.  griada 
guUiots  to  uailoim  corroct  doplh  oad  rouad.  Saooo 
^iatiag  timo  oad  coots,  q^ucklT  pays  for  itsoU. 
Sturdy  coaotructioa.  ball  boariag  motor.  Easy  to 
uso.  Soad  for  catalog  aow. 

ST-1  POWEBED  GUMMEB 

Woight,  90  lbs.  (Whools  Extra)  _ 154.00 

8  X  l^-ia.  Thick  (For  Small  Sows) _  2.75 

8  X  Vi-ia*  Thick  (For  Largo  Saws) _  3.40 

C»30  Fiold  Bldg..  315  Wostport  Bd. 

BELSAW  MACHINERY  CO. 

KANSAS  CITY  2.  MO. 


HUTTIG  SASH  AND  DOOR  COMPANY 

Reseoith  and  Product  Dovohpment  Division 

MILLWORK  and  BUILDING  PRODUCTS 


Warehouses  and  Assembly  Plants 


Birmingham,  Ala. 
Columbus,  Ohio 
Jacksonville,  Fla. 
Louisville,  Ky. 
l^fiami,  Fla. 


Charlotte,  N.  C. 
Dallas,  Texas 
Knoxville,  Tenn. 
Memphis,  Tenn. 
Roanoke,  Vo. 


Production  Plants 

Missoula,  Mont. 
Portland,  Ore. 

St.  Louis,  Mo. 


St.  Louis,  Mo. 

General  Offices:  1206  S.  Vondeventer  Ave.,  St.  Louis,  Mo. 


541 


I 


F O R E S T  P R O D U C T S  RESEARCH  SOCIETY 


NORTH  CENTRAL  REGION 


ILLINOIS 

Aurora 

A.  F.  Muschler,  Student,  Yale  University,  642  Lalay- 
ette  St.  1263as 

Belvidere  — 

Russell  L.  Sorensen,  Eng.  Aide,  Soil  Cons.  Serv.. 
U.  S.  D.  A.,  405y2  S.  State  St.  1872a 


Caledonia 

James  D.  Kelley,  Student,  Univ.  of  Mich. 


2019as 


Chicago 

S.  E.  Adler,  Dir.  of  Design.  Admiral  Corp.,  3800 

Courtland  St.  967v 

Aetna  Plywood  &  Veneer  Co..  1731  Elston  Ave.  i 

1340s 

American  Lumber  &  Treating  Co.  (F.  W.  Gotts.h  a 
322  So.  Michigan  Ave.  (4)  1043s 

tH.  W.  Angell,  Wood  Tech.,  Amer.  Lumber  &  Treat¬ 
ing  Co.,  332  S.  Michigan  Ave.  Il4v 

Frederick  Aufrecht,  Partner,  Industrial  Distributing 
Co..  618  W.  Randolph  St.  (6)  1342a 

tWalter  J.  Balster,  Don  L.  Quinn  Co.,  3511  N.  Shef- 
held  Ave.  (13)  „  694v 

tCustave  Barshefsky,  Chief  Chem.,  The  Elmendort 
Corp.,  332  W.  Washington  St.  (6)  558v 

William  E.  Berkey,  Engr..  Westinghouse  Electric  Corp.. 

20  No.  Wacker  Dr.  (6)  1375v 

tj.  B.  Blackburn,  Mgr. -Sec.,  Insulation  Board  Inst.. 

Ill  W.  Washington  St.  568v 

Ralph  A.  Bond.  Pres.,  Ralph  A.  Bond  &  Associates. 

220  E.  Pearson  St.  (11)  ll69v 

tDavid  Bookshester,  Prod.  Res.  Engr.,  Paisley  Products 
Inc.,  1770  Canalport  Ave.  (16)  785v 

tGunther  Carlberg,  Secy.  Mgr.,  Central  Wooden  Box 
Assoc.,  Room  2019,  1  N.  Iji  Salle  St.  (2)  736v 

tEmil  A.  Carlson,  Pres.,  Johnson  &  Carlson,  848  East¬ 
man  St.  (22)  755v 

A.  Dale  Chapman,  Pres.,  Chapman  Chemical  Co.,  333 
No.  Michigan  Ave.  (1)  945v 

tCharles  E.  (Jose,  Exec.  Vice-Pres.,  The  Veneer  Assn., 
600  S.  Michigan  Ave.  (5)  .152v 

T.  J.  Connelly,  Sec.,  The  Dean  Co.,  666  Lake  Shore 

Dr.  (11)  .  ,  I47?v 

Thomas  H.  Cook,  Technical  Div.,  National  Casein 

Sales,  601  W.  80th  St,  (20)  .  ^  ^  947v 

L.  W.  Craigo,  Woodworkers  Works,  222—224  S.  Jef¬ 
ferson  St.  (6)  10681 

Irma  M.  Crouse,  Secy.-Treas.,  Wood-Ply  Research 

Foundation,  Inc.,  185  N.  Wabash  Ave.  (1)  2131a 
Carl  L.  Cue,  Room  524,  120  So.  U  Salle  St.  (3) 

1090a 

Norbert  J.  Eggert,  Hartmann  Sanders  Co.,  2187  Els¬ 
ton  Ave.  (14)  l?02v 

fArthur  Leanord  Ellis,  Asst,  to  Treas.,  The  Lehon  Com¬ 
pany,  4425  So.  Oakley  Ave.  (9)  707-i 

tArmin  Elmendorf,  Pres.,  The  Elmendorf  Corp.,  322  W. 

Washington  St.  (6)  470v 

tjudson  D.  Elston,  Lab.  Tech.,  General  Box  Co.,  57 
W.  Grand  Ave.  (10)  683v 

H.  S.  Embree,  Vice-Pres.,  Rittenhouse  &  Embree  Co.. 
3500  S.  Racine  Ave.  (9)  394v 

A.  L.  Fader,  Pres.,  A.  L.  Fader  &  Co.,  605  W.  Wash¬ 
ington  Blvd.  (6)  2133v 

fWm.  C.  Finley,  Forester,  Amer.  Walnut  Mfgrs.  Assn.. 

666  N.  Uke  Shore  Dr.  (11)  104v 

James  R.  Fitzpatrick,  Dir.  &  Partner,  Technical  Ply¬ 
woods,  228  No.  LaSalle  St.  (1)  1373a 

John  M.  Frey,  The  Girdler  Corp.,  Thermex  Div.,  600 
So.  Michigan  Ave.  (5)  1056v 

George  A.  Gast,  Designer,  2547  N.  Mango  Ave.  (’ 

I601v 

tFred  W.  Gottschalk,  Tech.  Dir.,  Amer.  Lbr.  & 
Treating  Co.,  332  So.  Michigan  Ave.  (4)  5v 

Burdett  Green,  American  Walnut  Mfrs.  Assn.,  666 
No.  L^ke  Shore  Dr.  (11)  988v 

tW.  A.  Gullicksen,  Vice-Pres.,  Churchill  Cabinet  Co.. 

2119  Churchill  St.  (47)  138v 

fLyle  C.  Haack,  Chief  Chem..  Certain-teed  Products 
Corp.,  1230  West  Jackson  Blvd.  449v 

Gordon  F.  Hageman,  The  Norwood  Mfg.  Co.,  925  So. 

Ho.iian  Ave.  (7)  1088v 

tM.  A.  Hamrick.  Dist.  Vice-Pres.,  Koppers  Co.,  Inc., 
Wood  Preserving  Div.,  80  E.  Jackson  Blvd.,  Room 
1426  487v 

tWilliam  K  Harper,  Salesman,  George  M.  Harper  Sales 
Co.,  322  So.  Mich.  Ave.  (4)  781v 

Charles  D.  Heidemann.  Dist.  Sales  Mgr.,  Hardwood 
Products  Corp.,  75  E.  Wacker  Dr.  (1)  l6liv 

William  J.  Herweg,  1818  N.  Nordica  Ave.  (35)  1855v 


fP.  R.  Hicks,  Sec.-Mgr.,  Serv.  Bur.,  Amer.  Wood 
Preservers’  Assoc.,  Ill  W.  Washington  St  (2  )  486v 
Edward  Hines  Lumber  Co.  (T.  R.  Coffin,  Mgr.  Pro¬ 
duction  &  Engr.  Div.),  2431  So.  Wolcott  Ave.  (8) 

1304s 

Fred  A.  Hoerner,  Pres.,  Rockwell  Corp.,  Suite  1725. 

Civic  Opera  Bldg.,  20  No.  Wacker  Dr.  (6)  1254v 

tjohn  S.  Horn,  Occup.  Engr.,  Interlake  Chem.  Corp. 

332  S.  Michigan  Ave.  (4)  488s 

fL.  G.  Horvath,  Supt.,  Pack.  &  Shipping,  Acme  Steei 
Co.,  2840  Archer  Ave.  (8)  408 

tv.  F.  Hribar,  Chief  Chem.,  Amer.  Lbr.  &  Treatinv 
Co.,  332  S.  Michigan  Ave.  (4)  115\ 

Johnson  &  Carlson  (C.  E.  Carlson,  Treas.),  848-86- 
Eastman  St.  (22)  1319 

tA.  E.  Johnson,  Asst,  to  Chief  Purch.  Off.,  C.  M.  St.  F 
&  P.  Ry.  Co.,  Union  Station  (6)  361 

tR.  W.  Johnson,  Mgr.,  Johnson  Mill  Co.,  1213  Belmoi: 

Ave.  (13)  646 

fAlan  H.  Joseph,  Vice-Pres.,  Handy  Mfg.  Co.,  2432  W 
Lawrence  Ave.  (23)  783 

tArne  W.  Juola,  Packaging  Engr.,  U.  S.  Quartermastc 
Depot,  1849  W.  'Pershing  Rd.  (9)  368 

tH.  B.  Kehoe,  Pres.,  GilUs  &  Co.,  29  E.  Madison  S< 
(2)  286 

tL.  P.  Keith,  Bldg.  Code  Engr.,  Natl.  Lbr.  Mfgs.  Assn 
176  W.  Adams  St  (3)  283 

John  W.  Kendrick,  Engr.,  Met-L-Wood  Corp.,  673 
W,  65th  St.  (38)  1119 

tVerne  Ketchum,  Chief  Engr,  Timber  Structures,  Inc 
120  S.  LaSalle  St.  321 

W.  W.  Kimball,  W.  W.  Kimball  Co.,  2611  So.  Cai 
ifornia  Blvd.  (8)  1053.t 

tWalter  C.  Klesnor,  Sales  Engr.,  J.  O.  Ross  Engrng 
Corp.,  201  N.  Wells  St.  (6)  233- 

W.  V.  Knourek,  Woodworkers  Tool  Works,  224  So 
Jefferson  St.  (6)  IO69.1 

Robert  H.  Koll,  V.  P.,  Hartmann  Sanders  Co.,  2187 
Elston  Ave  (14)  1301r 

tMaurice  M.  Kraft,  Pres.,  Kraft  Chemical  Co.,  917  W 
18th  St.  856a 

tSamuel  Krajci,  Asst,  to  Vice-Pres.  in  Charge  of  Prod.. 

"The  Celotex  Corp.,  120  S.  LaSalle  St.  (3)  540v 

tFrank  J.  Krai,  Gen.  Mgr.,  Wood  Industries  Control 
Service,  3305  Cermak  Rd.  (23)  16tv 

Charles  M.  Kreider,  Treas.,  Elmendorf  Research  Inc., 
322  W.  Washington  St.  (6)  1675v 

M.  H.  Kruissink,  Vice-Pres.,  Kruissink  Bros.,  3434 
South  La  Salle  St.  (16)  2l69v 

to.  C.  Lance,  Sec.-Mgr.,  Natl.  Door  Mfgrs.  Assn.. 
332  S.  Michigan  Ave.  (4)  47v 

Leonard  B.  Lane,  Armour  and  Co.,  1355  West  31st 
St.  (9)  n31v 

Matt  L.  Larson,  Gen.  Mer.,  Earle  Hart  Woodworking 
Machine  Co.,  565  W.  Washington  Blvd.  (6)  182It 

Norman  Lazarus,  Supt.,  M.  I.  Naken  Co.,  2030  No. 

Larrabee  St.  (14)  1813v 

fH.  J.  Lindeman,  H.  J.  Lindeman  &  Co.,  666  Lake 
Shore  Dr.,  Rm.  1918  829v 

F.  R.  Loetterle  (in  chg.  of  Tech.  Serv.).  Midwest  Div.. 
Nat’l  Starch  Products,  Inc.,  3641  S.  Washtenaw  (32) 

I603v 

tWalter  L.  Maier,  W.  L.  Maier  Lbr.  Co.,  33  W.  Jack- 
on  Blvd.  (4)  733v 

Oliver  Maisch,  Pres.,  Mechanical  Products  Corp.,  168 
No.  Ogden  Ave.  (7)  959v 

Luigi  Marianelli,  Pres.,  Panama  Development  Co..  30 
No.  LaSalle  St.  (2)  1309v 

tA.  Fletcher  Marsh,  Pres.,  Marsh  &  Truman  Lbr.  Co., 
Room  2017,  332  S.  Michigan  Ave.  (4)  39» 

Charles  F.  Martin,  Field  Engr.,  Timber  Engineering 
Co..  176  W.  Adams  St.  (3)  l697,i 

Frederick  A.  Masterson,  V.  P.,  American  Crossarm  & 
Conduit  Co.,  22  W.  Monroe  St.  (3)  1235v 

John  T.  McGinn,  Somerville  McGinn  Lumber  Co., 

308  W.  Washington  St.  (6)  1097a 

G.  R.  Meyercord.  Sec.,  Wood  Ply  Research  Founds 

tion.  183  No.  W-«bash  St.  (1)  968v 

Joseph  F.  Mertes.  Pres.,  R.  S.  Bacon  Veneer  Co.,  4702 
W.  Augusta  Blvd.  (31)  1894v 

David  B.  Morton,  460  Barrr  Ave.  (14)  2187a 

M.  A.  Mummert,  Pres.,  "Ine  Mummert  Co.,  332  So 
Michigan  Ave.  1442  a 

National  Assn,  of  Furniture  Manufacturers  (J.  C.  Me 
Carthy,  Secretary),  Room  2140,  666  Lake  Shore  Dr 
(11)  1481 

Harold  P.  Owen,  Sales  Engr.  Mgr.,  Sterling  Too 
Products  Co.,  li40  N.  Milwaukee  Ave.  (22) 
tCarl  R.  Pandel,  'Technol.  &  Res.  Eng.,  Edward  Hint 
Lbr.  Co.,  2431  S.  Wolcott  Ave.  (8)  643' 
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Resilient  Roll,  Ball  Bearing  Glue  Spreader 


The  No.  2  2D  Ball  Bearing,  Resilient  Roll  Spreader  for  resins,  casein, 
and  other  cold  glues  is  unmatched  in  speed,  economy,  accuracy,  clean¬ 
liness  and  quality  production.  Gluing  rolls  are  deeply  covered  with 
fine  synthetic  rubber,  and  are  specially  grooved  to  control  the  amount 
of  resins  deposited  and  to  conform  to  irregularities  in  the  veneer. 
Accurate,  heavy  duty  ball  bearings  are  sealed  to  keep  lubricants  in, 
and  dirt  and  glue  out.  Doaor  rolls  are  heavily  amttd  with  a  highly 
polished,  non-ferrous  surface  to  accurately  control  the  glue  spread 
and  eliminate  corrosion.  Investigate  the  No.  22D  spreader . . .  write 
for  supplement  to  Bulletin  1 1-A. 


If  It  Is  Gluing  Etfuipmeni  ~  iVe  Haye  It 
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tM.  B.  Pendleton,  Editor,  Wood  Products,  4)1  So. 

Dearborn  St.  (J)  647a 

Peter  Cooper  Corps.  (G.  Grace),  14$)  No.  Magnolia 
Ave.  1221s 

tAdolph  Pfund,  Secy.,  Wood  Work  Jobbers  Ser.  Bur., 
30  N.  LaSalle  Bldg..  Suite  32)  (2)  ))v 

Henry  B.  Puff,  Durez  Plastics  &  Chemicals,  Inc.,  221 
N.  LaSalle  St.  (1)  2197v 

tDon  L.  Quinn,  Box  Testing  Lab.,  Don  L.  Quinn  Co., 
224  W.  Kinzie  St.  (10)  24)v 

R.  V.  Ratcliff,  Lumber  &  Forest  Products  Sales,  332 
South  Michigan  Ave.  (4)  I6)lv 

M.  Rehnquist,  Mgr.,  Adv.  Dept.,  Mall  Tool  Co..  7740 
,  So.  Chicago  Ave.  (19)  883v 

John  Reno,  Industrial  Engr.,  Pacific  Lumber  Co..  3)  E. 
Wacker  Dr.  (1)  1348v 

C.  A.  Rubavits,  V.  P..  The  Harmony  Co.,  3633  So. 

Racine  Ave.  (9)  12)0a 

E.  W.  Ruddick,  Gen.  Mgr.,  Ponderosa  Pine  Wood¬ 
work,  38  So.  Dearborn  St.  (3)  1202v 

D.  B.  Salstrom,  Treas.,  Salstrom  Carving  Machine 

Co..  4117  W.  Kinzie  St.  (24)  1786v 

Eric  J.  Schneider,  V.  P.  and  Sec.,  Engis  Equipment 
Co.,  431  So.  Dearborn  St.  ())  1172a 

tAlezander  Schreiber,  Engr.-Sales,  Aetna  Plywood  & 
Veneer  Co.,  1731  Elston  Ave.  (22)  )91v 

Sears,  Roebuck  &  Co.  (C.  Beiger,  Prod.  Engr.,  Dept. 

817),  Homan  &  Arthington  (7)  1948s 

Bernard  Madison  Snell,  Industrial  Engr.,  C  &  N  W 
Ry  Co.,  Room  1120,  400  W.  Madison  St.  (6)  879a 

James  P.  Soper,  Jr.,  Pres.,  Soper-Wheeler  Co.,  30 
No.  Michigan  Ave.,  Room  1202  (2)  888v 

Lester  Stein,  Vogue  Furn.,  Inc.,  '2740  W.  Chicago 
Ave.  2166v 

W.  M.  Steinbauer,  Wabash  Screen  Door  Co.,  310  S. 

Michigan  Ave.  (4)  2113a 

tHarry  J.  Stilp,  67)6  S.  Lafayette  Ave.  (21)  330v 

fAithur  E.  Stolle,  Plywood  Salesman,  Hoosier  Panel 
Co.,  6126  N.  Knox  Ave.  (30)  170v 

Casper  Strong,  Sales  Engr.,  Bakelite  Corp.,  230  No. 

Michigan  Ave.  (1)  1130v 

tjohn  H.  Sweeney,  Aetna  Plywood  &  Veneer  Co.,  1731 
Elston  Ave.  (22)  )93v 

tGeo.  M.  Syversen,  Mgr.  Sales  Engrg.,  Masonite  Corp., 
Ill  W.  Washington  St.  (2)  210v 

F.  H.  Thomas,  Supt.,  Sherwin-Williams  Co.,  IDth 

and  Cottage  Grove  Ave.  (28)  l)83v 

George  H.  Tinker,  Technical  Dir.,  T.  F.  Washburn 
Co.,  2244  Elston  Ave.  04)  1248a 

C.  D.  Turley,  Engr.,  Ties  &  Equipment,  Illinois  Cen¬ 
tral  R.  R.,  13)  East  11th  PI.  939v 

L'.  R.  Van  Allen,  Treas.,  L.  R.  Van  Allen  Co.,  404 
North  Wells  St.  (10)  1881a 

H.  K.  van  Maltitz,  Plycor  Co.  Div.  of  Earle  Hart 
Woodworking  Machine  Co.,  )6)  W.  Washington 
St.  (6)  1922V 

fRicker  Van  Metre,  Pres.,  Wyoming  Tie  &  Timber  Co.. 

400  W.  Madison  St.  (6)  I42v 

tR.  A.  VanNess,  Bridge  Engrg.  System,  A.  T.  &  S.  F. 

Ry.  Co..  1237  Ry  £cchange  Blog.  (4)  4)lv 

T.  A.  Elbert  Vyse,  Arthur  iF.  Vyse  &  Co.,  )49  W. 

Randolph  St.  (6)  1083v 

tWilliam  H.  Waddington,  Pres.,  American  Roof  Truss 
Co.,  68)0  Stony  Island  Ave.  (49)  660v 

William  H.  Waddington,  Pres.,  American  Roof  Truss 
Co.,  68)0  Stony  Island  Ave.  (49)  660v 

J.  P.  Walsh,  Illinois  Central  Railroal,  Room  706,  13) 

E.  nth  PI.  ())  1271as 

Paul  Wayman,  V.  P.,  American  Lumber  &  Treating 
Co.,  332  So.  Michigan  Ave.  (4)  946v 

R.  F.  Weber,  Mgr.  of  Materials  Handling  Res.,  Inter¬ 
national  Harvester  Co.,  )22)  S.  Western  Blvd.  (91 

2031V 

tG.  Bennett  Weise,  Pres.,  Englewood  Dowel  Co.,  Inc., 
631)  Yale  Ave.  (21)  79)v 

tMelville  B.  Wells,  Engr.,  Aetna  Plywood  &  Veneer 
Co.,  1731  Elston  Ave.  (22)  )92v 

tChas.  H.  White,  Asst.  Se^.,  Amer.  Walnut  Mfgrs. 
Assn.,  666  N.  Lakeshore  Dr.  )42v 

D.  V.  Williamson,  Pres.,  Williamson  Adhesives,  Inc., 

2327  West  18th  St.  (8)  l496v 

Harry  M.  Wolfe,  Harry  M.  Wolfe  Co.,  666  Lake  Shore 
Dr.  (11)  1249a 

Wood  (R.  C.  Art,  Man.  Ed.),  139  N.  Clark  St.  (2) 

t041s 

DeWitt  Worcester,  Accountant  in  Forestry,  7742  Ogles¬ 
by  Ave.  (49)  1297v 

Kenneth  W.-  Youngs.  Plant  Engr.,  Edward  Hines  Lum¬ 
ber  Co.,  2431  S.  Wolcott  Ave.  (8)  130)v 


Mfg. 

2)6v 


Cicero 

Roger  A.  Bailey,  Sales  Mgr.,  Midwest  Div.,  The  Ara- 
bol  Manufacturing  Co.,  183)  So.  )4th  Ave.  ()0) 

9llv 

Decatur 

tWilliam  F.  Allen,  Mgr.,  Dev.  Div.,  A.  E.  Staley  Mfi 
Co.,  Eldorado  at  22nd  St.  (60) 

Dca  Plaines 

Kimball  Hill,  Smith  &  Hill,  Inc.,  716  Lee  St.  10)2v 
Elvn 

fchas.  A.  Rinehimer,  Pres.,  Rinehimer  Bros.  Mfg.  Co., 
Kimball  at  N.  Grove  27v 

Evanston 

E.  M.  Lorenzini,  Mgr.,  Bitusize  Sales,  Amer.  Bitumils 
Co.,  641  Judson  Ave.  389v 

Evansville 

Gilbert  H.  Bosse,  Imperial  Desk  Co.,  312  W.  Florida 
St.  (7  )  999v 

Forest  Park 

Leonard  O.  Mitchell,  Mitchell  Moulding  Co.,  1)01 
Circle  Ave.  120^ 

Franklin  Park 

Noel  E.  Kittell,  Chemist  &  Wood  Pres.  Engr.,  Joslyn 
Manufacturing  &  Supply  Co.  949v 

Joliet 

tHarry  A.  Lowther,  Industry  Ave.,  Box  1412  93v 

Ky  I.  Winther,  Vice-Pres.,  V.  Berthelsen  Engrg. 
Works,  P.  O.  Box  1423  1789' 

Kankakee 

tWalter  M.  Schall,  Kroehler  Mfg.  Co.  )81v 

Lyons 

William  F.  Lewis,  V.  P.,  Lewis  Tar  Products  Co.. 
Box  A  1136a 

Melrose  Park 

tOtto  Baltuth,  Treating  Engr.,  Joslyn  Mfg.  &  Supply 
Co.,  341  Village  Dr.,  N.  I^ke  Village  (3)  482v 

Metamora 

Jacob  Blachek,  Supt.,  Metamora  Woodworking  Co. 

2220V 

W.  H.  Kalhorn,  Gen.  Mgr.,  Metamora  Woodworking 
Co.  2219V 

Naperville 

Kroehler  Manufacturing  Co.  (L.  L.  Morton)  l)27s 
Oak  Park 

E.  J.  Fishbaugh,  Salesman,  Wood  Mosaic  Co.,  313 
So.  Elmwood  Ave.  964v 

tKarl  M.  Mitchell.  Engr.  &  Manufacturer,  1116  Wash¬ 
ington  Blvd.  774v 

OreL 

1099a 
963t 


regon 
Henry  G. 


enry  G.  Behning,  )0)  No.  Sixth  St. 


Onawa 

W.  C.  Sanders,  409  W.  Main  St. 

Paris 

tAlbert  C.  Foley,  Pres.,  T.  A.  Foley  Lbr.  Co.,  Inc., 
Box  336  )62v 

Peori*  _  .  . 

Theron  Howard,  Hyster  Co.,  1800  No.  Adams  St.  (1) 

1017a 

John  E.  Hyler,  Consultant,  John  E.  Hyler  &  Assoc., 
Lock  Box  112  (1)  2107V 

R.  V.  Williamson,  U.  S.  Department  of  Agriculture. 
1300  Columbia  Terrace  ())  1104a 

Edwin  J.  Billstrom,  Pres.,  Nels  J.  Billstrom,  Inc., 
1846-48  18th  Ave.  941v 

Greenlee  Tool  Co.,  (A.  H.  Hawkinson,  Ass’t.  Sales 
Mgr.)  2136  12th  St.  117)s 

Adolph  R.  Groncki,  327  Catherine  St.  l)86v 

Mark  Hoeper,  Vice-Pres.,  Solem  Machine  Co.,  668 
Race  St.  1803a 

Arthur  M.  Mattison,  Engr.,  Mattison  Machine  Works. 

)4)  Blackhawk  Pk.  Ave.  23?*’ 

Karl  Schaaf,  Plant  Mgr.,  Menasha  Wooden  Ware 
Corp.,  13th  St.  &  19th  Ave.  1846a 

Rockton 

Carlton  Williams,  Carlton  Williams  8c  Sons  l490v 

St.  Charles 

tFoster  W.  Berry,  12  So.  Twelfth  St.  278v 

Skokie 

J.  R.  Watkins,  Civil  Engr.,  Watkins  Patents  Inc.,  7840 
Kenneth  Ave.  (1)  2089v 

Union  _  „  .  . 

H.  B.  Sanders,  Dist.  Mgr.,  The  Borden  Co.,  Chemical 
Div.  1)47v 
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STEEL  CITY  LUMBER  COMPANY 

WHOLESALERS 
Established  1907 
American  Life  Building 

BIRMINGHAM  3,  ALABAMA 
SPECIALIZING  IN  SERVING  RETAIL  LUMBER  DEALERS 

Our  Motto:  "Quality  and  Service” 


You  Con  Help  Our  Forestry  Workers  Attain 
Tlieir  Goal  of  Sustained  Yield  in  the  Nations  Forests 
and  Put  Our  Forest  Industries  on  a  Permanent 
Basis  by  Treating  All  Exposed  Wooden 
Structures  With  a  Preservative  That  Will  Protect 
the  Wood  from  Attack  by  Wood  Destroying 
Insects  and  Fungi 

The  Longer  These  Structures  Con  Be  Made  to  Serve 
the  Less  the  Drain  on  Our  Forest  Resources 
Creosote  is  the  Preservative 


WE  ARE  EQUIPPED  TO  FILL  YOUR  NEEDS  BOTH 
IN  PRE-FABRICATION  AND  TREATMENT 


FOREST  PRODUCTS  TREATING  COMPANY 

Offices:  Plants: 

541  Pittock  Block  The  Dalles,  Oregon 

Portlaad  5,  Oregon  /  Laramie,  Wyommg 


^'CLLOW  PINE  LUMBER 
CREOSOTED  LUMBER 
TIMBERS 


DIAMOND 

CREOSOTED  PENCE  POSTf 
POLES  AND  PILING 


CoiFax.  Louisiana 
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Uibana 

Donald  A.  Kulp.  Dept,  of  Forestry,  Univ.  of  Ill. 

Il63v 

Wm.  A.  Oliver,  Prof.,  Gvil  Engineering,  University 
of  Illinois.  402  Engineering  Hall  93 Iv 

tCharles  S.  waiters.  Asst.  Prof.,  Ill.  Agric.  Exp.  Sta., 
219  Mumford  Hall  18v 

Waukegan 

Thomas  B.  Miller,  Student,  Univ.  of  Mich.,  906  Poplar 
St.  •  1787as 

Wheaton 

fEdward  T.  Bailey.  Ed.,  Hitchcock  Publishing  Co.,  222 
E.  Willow  Ave.  25v 

Jacques  J.  Pinkard,  Asst.  Wood  Development  Engr.. 
Sears  Roebuck  &  Co.,  Dept.  817,  1301  East  Forest 
Ave.  I449v 


INDIANA 

Batesville 

W.  H.  Bierbusse,  Gen.  Supt.,  The  American  Furniture 
Co.  1260a 

Albert  J.  Green,  Production  Control,  Hill-Rom  Co. 

1199a 

Russell  W.  Green,  Comptroller,  Union  Furniture  Co., 
210  W.  George  St.  1198v 

Berne 

The  Dunbar  Furniture  Manufacturing  Co.,  (John  H. 

Gividen,  Exec.  V.  P.),  11^5* 

tjohn  H.  Gividen,  Exec.  Vice-Pres.,  Dunbar  Futn.  Co. 

107v 

Fort  Wayne  .  .  „  . 

fRobert  Brooks  Taylor,  Associated  Engineers,  Inc.,  230 
E.  Berry  St.  (2)  248v 

Col.  Courtney  Combs,  Industrial  Engr.,  1323  N.  An¬ 
thony  Blvd.  1409v 

W.  K.  Noble,  Pres.,  The  Noble  Machinery  Co.,  Inc., 

924  Hayden  St.  (1)  1210a 

Evansville 

Edwin  F.  Karges,  Pres.,  Karges  Furn.  Co.,  1301  'W. 
Maryland  St.  (7)  1300v 

Huntingburg 

R.  H.  McMurtie,  Pres.,  Huntingburg  Furniture  Co., 

Inc.,  611  8th  St.  1251V 

tjohn  J.  Stimson,  Sales  Mgr.,  Huntingburg  Furn.  Co., 

611  8th  St.  289v 

Indianapolis 

tW.  Doyle  Boggess,  Tech.  Dir.,  The  Beveridge  Paper 
Co.,  717  W.  Washington  St.  (4)  137v 

R.  D.  Brooks,  Sales  Engineer,  E.  C.  Aktins  8c  Co., 
402  So.  Illinois  St.  (9)  ll64a 

C.  E.  Cochran,  Pres.,  Mitchell  Veneer  Corp.,  3711  E. 

Tenth  St.  (1)  1878v 

Roland  B.  Daley,  Pres.,  Daley  8c  Hixon,  Inc.,  633 
No.  Pennsylvania  St.  (4)  1284v 

Richard  H.  Elliott.  Purchasing  Agent-Advertising  Mgr., 
Standard  Dry  Kiln  Co.  1232v 

Marion  T.  Kinder,  Houghton  Lbr.  Co.,  822  K  of  P 
Bldg.  ISlOas 

Harold  F.  Rubin,  Mgr.,  Kiln  Supply  8c  Mfg.  Co.,  3823 
Oak  Ave.  (19)  .  1992v 

Daniel  W.  Shattuck,  Pres.,  Dry  Kiln  Door  Carrier  Co., 
1117  Cornell  Ave.  (2)  886a 

Standard  Dry  Kiln  Co.  (John  B.  Welch,  V.  P.),  798 
Harding,  Box  5708  (21)  1224s 

Anton  Vonnegut,  Pres.  8c  Mgr.,  Vonnegut  Moulder 
Corp.,  1819  Madison  Ave.  (2)  1873a 

tjohn  B.  Welch,  Vice-Pres.,  Standard  Dry  Kiln  Co., 
Box  544  471v 


.  E.  Thyen,  Technol.,  Jasper  Wood  Products,  13th  8c 
Leopold  2130V 

tjames  A.  Wallace,  Vice-Pres.  8c  Gen.  Mgr.,  Jasper 
Office  Furn.  Co.,  P.  O.  Box  71  139v 

Kendallville 

A.  J,  Ewan,  G.  M.  Diehl  Machine  Works,  Inc.,  818 
Mott  2191V 

David  O.  Holmes,  Pres.,  Holmes-McCormick  Co.,  Inc. 

1237V 

Lafayette  ,  _  ,  _ 

tDr.  J.  Hugo  Kraemer,  Asst.  Prof.  Dept,  of  For.,  Pur¬ 
due  Univ.  556v 

Marion  T.  Kinder,  Student,  Purdue  Univ.,  R.  R.  9 

1810as 

tEric  W.  Stark,  Assoc.  Prof.,  Dept,  of  For.,  Purdue 
Univ.  590v 

Madison 

George  W.  Bersrh.  Pres.,  Madison  Glue  Corp.,  N. 
Walnut  St.  1847V 


Martinsville 

C.  W.  Patton,  Pres.,  Old  Hickory  Furn.  Co.,  S.  Cherry 
St.  1537a 

Monticello 

George  Lilly,  Sup.-Purch.  Sec.,  RCA  Victor  Div.,  Ra¬ 
dio  Corp.  of  America,  Nanawalt  Rd.  1913v 

Michigan  City 

tW.  J.  Mallon,  Supt.  Way  &  Struct.,  Chicago  So.  Shore 
8c  So.  Bend  R.  R.  533a 

Muncie 

Robert  Barkley,  %  H.  E.  Barkley,  210  Rector  Apts. 

1276as 


New  Albany 

Gunnison  Homes,  Inc.,  (Wm.  J.  Messingscblager,  Dir., 
Product  Development  Dept.)  Charleston  Rd.  1132s 
tL.  E.  Ernest,  Gen.  Plant  Mgr.,  Gunnison  Homes,  Inc. 

414v 

fRichard  K.  Stem,  Treas.,  Chester  B.  Stem,  Inc.,  P.  O. 
Box  231  85v 

New  Castle 

Harry  McCord,  Mgr.,  McCord  Plastic  Products  Co., 
720  New  York  Ave.  1228v 

H.  &  A.  Selmer  Inc.  (Delbert  G.  Cline,  Dev.  Engr.). 
1617  'T”  Ave.  2077$ 

New  Palestine 

Edgar  T.  Fleener,  Student,  Purdue  University,  Box 
107  I486as 

Osceola 

William  W,  Burk,  R.  1  1379v 

Peru 

tWm.  T.  WalUce,  Pres.,  W.  T.  Wallace  Mfg.  Co.  Inc. 

833a 

Seymour 

fRichard  L.  Burkhart,  Dir.  of  Res.,  Natl.  Veneer  8c 
Lbr.  Co.  57v 

fBurton  F.  Swain,  Jr.,  Pres.,  Natl.  Veneer  &  Lbr.  Co. 

*  56v 

South  Bend  ' 

Dale  p.  Freeman,  Plant  Mgr.,  Wells  Mfg.  Co.,  1701  S. 


Main  St.  (23)  2033v 

Edgar  A.  Lehman,  Vice-Pres.,  Dir.  of  Res.,  Lehwood 
Corp.,  1703  Ironwood  (14)  16l3v 

Sullivan 

O.  B.  Riggs,  Meadowlark  Farms,  Inc.  969v 

Valparaiso 

Robert  S.  Packman,  Student,  Purdue  University,  506 
Napoleon  St.  I427as 

Wabash 

Charles  L.  Hanchett,  Engr.,  G.  M.  Diehl  Machine 
Works,  Inc.,  127  N.  Wabash  1071v 

Warsaw 

J.  Alden  Rigdon,  Vice-Pres.,  Union  Tool  Corp.,  314- 
329  E.  Market  St.  1910v 

West  La  Fayette 

L.  Keith  Bussert,  Student,  Purdue  University,  1028 
State  St.  1390as 

Ralph  G.  Van  Allen,  Student,  Purdue  University,  116 
Marstellar  St.  1395as 


IOWA 

Ames 

Charles  W.  Andrews,  Student,  Iowa  State  College,  358 
Friley  Hall  1809as 

T.  J.  Bauer,  Student,  Iowa  State  College,  Box  741. 

Friley  Hall  1718as 

fDwight  W.  Bensend,  Dept,  of  For.,  Iowa  State  Col¬ 
lege  21v 

Kenneth  D.  Brown,  Student,  Iowa  State  College,  117 
Ash  Ave.  1834as 

Charles  J.  Coyle,  Box  632,  Friley  Hall,  Iowa  State 
College  1128v 

tjohn  E.  Granson,  Forestry  Dept.,  Iowa  State  College 

718v 

Robert  A.  Hansen,  Student,  Iowa  State  College,  3022 
Oakland  St.  1808as 

tGeorge  B.  Hartman,  Asst.  Mgr.,  Dept,  of  For.,  Iowa 
State  College  776v 

Jervis  W.  Lang,  Student,  Iowa  State  College,  3416 
Woodland  Ave.  lS42as 

G.  B.  MacDonald,  Head,  Forestry  Dept.,  Iowa  State 
College  I492v 

John  R.  Martin,  Student,  Iowa  State  College,  867 
Pammel  Ct.  184las 

Wesley  W.  PietKh,  Student,  Iowa  State  College,  826 
Pammel  Ct.  18l4as 
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THE  BROWN 
PAPER  MILL  COMPANY, 

INC. 

P.  O.  NO.  1472 

MONROE,  LOUISIANA 
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Donald  D.  Riddle,  Student.  Iowa  State  College,  70) 
CUtk  St.  1812as 

Gaylord  K.  Robertson,  Student,  Iowa  State  College, 
114  South  Hyland  1844as 

Thoous  A.  Svien,  Student,  Iowa  State  College,  2110 
Lincoln  Way  1782as 

Albert  H.  Taube,  Student,  Iowa  State  College,  2862 
Lincoln  Way  1813as 

Qinton 

Curtis  Company,  Inc.  (Clinton  Div.)  (F.  F.  Beil,  Dir. 
of  Res.),  114  Twelfth  Ave.,  South  1498s 

Edward  A.  Patton,  Wood  Tech.,  Curtis  Companies, 
Inc.  1701V 

Des  Moines 

tR.  E.  Hollett,  Pres.,  Pioneer  Lbr.  Co.,  Walnut  Bldg. 
(9)  350v 

Dubuque 

tWayne  A.  Norman.  Res.  Engr.,  Carr,  Adams  &  Collier 
Co.  295v 

Iowa  City 

Norman  L.  Kilpatrick,  Univ.  of  Iowa,  Libraries,  Serial 
Acquisitions  l604v 

Manning 

C.  w.  Kinney,  Plant  Mgr.,  Dultmeier  Mfg.  Co..  803 
Front  St.  2129t 

Van  Wert 

Robert  L.  Boatman,  Sales  Rep.,  Masonite  Corp.  2123v 
Waterioo 

Frederick  W.  Amd,  Plant  Supt.,  Waterloo  Wood  Bear¬ 
ing  Company,  321  E.  Seventh  St.  2086v 

L.  <3.  Selzer,  Pres.,  Selzer  Furn.  Co.,  178 — 180th  St. 

938v 


MANITOBA 
St.  Boniface 

Jos.  A.  B.  Rodrigue,  Secy-Treas.,  Toupin  Lumber  & 
Fuel  Co.,  Ltd.,  388  Bertrand  St.  1238a 

Transcoma 

Gordon  C.  Scowcroft,  Works  Mgr.,  Dominion  Tar  & 
Chem.  Co.,  Ltd.  1231v 

MICHIGAN 

Adrian 

Robert  A.  Stobbe,  Research  Chemist,  Kewaunee  Mfg. 
Co.  1372V 

Algonac 

fA.  W.  Mackerer,  Gen.  Plant  Mgr.  and  Naval  Arch., 
Chris-Craft  Corp.  333v 

Allegan 

Dennis  S.  O’Meara,  Pres.,  Furniture  Masterpieces,  Inc., 
Kent  Street  &  Milling  Road  1687v 

Ann  Arbor 

Miguel  A.  Hernandez-Agosto,  Univ.  of  Mich.,  613 
Monroe  St.  1864as 

Thomas  J.  Anketell,  Jr.,  Student,  University  of  Michi¬ 
gan,  433  Stein  Rd.  1426as 

Ying-Pe  Chang,  Student,  Univ.  of  Mich.,  337  E.  Wil¬ 
liam  St.  1739as 

B.  K.  Chelvarajan,  Student,  University  of  Michigan, 
426  Hamilton  PI.  1439as 

John  P.  Comer,  Student,  University  of  Michigan,  604 
So.  State  St.  1392as 

Robert  Craig,  Jr.,  Asst.  Prof.,  Forest  Utilization,  Uni¬ 
versity  of  Michigan,  2046  N.  S.  Bldg.  919v 

tS.  T.  Dana,  Dean,  School  of  For.  and  Cons.,  Univ. 
of  Mich.  721v‘ 

Guillermo  Durana,  Student,  Univ.  of  Mich.,  1330 
Washtenaw  Ave.  1843as 

Philip  S.  Foley,  Student,  University  of  Michigan, 
Pittsfield  Village  2382  IFernwood  Ave.  1378as 

tWilliam  Kynoch,  Prof,  of  Wood  Tech.,  School  of  For. 

&  Conserv.,  Univ.  of  Mich.  864v 

Donald  G.  laibeck.  Student,  University  of  Michigan, 
333  Huron  St.  1433as 

Robert  N.  Milham,  Student,  University  of  Michigan, 
330  S.  Main  St.  I438as 

tL.  A.  Patronsky.  Asst.  Prof,  of  Wood"  Technology, 
School  of  Forestry  and  Conservation.  University  of 
Michinn  712v 

David  H.  Pease,  Jr.,  Student,  Univ.  of  Mich.,  426  N. 

Ingalls  2108as 

Robert  L.  Perrin,  1808  Hermitage  Rd.  1307as 

Alfredo  P.  Reyes,  Student,  Univ.  of  Mich.,  1126  E. 

Catherine  1791  os 

Paul  R.  Schildge,  Student,  Univ.  of  Mich.,  603  E. 
Madison  1783as 


Robert  M.  Schwaner,  Student,  Univ.  of  Mich.,  423 
Victor  Vaughan  1740as 

Harold  D.  Sprunger,  Student,  Univ.  of  Mich.,  343 
Church  St.  2133as 

John  P.  Williams,  Student,  Univ.  of  Mich.,  227  Crest 
Ave.  2047as 

Harold  E.  Worth,  Student,  Univ.  of  Mich.,  133  N. 

7th  St.  1732as 

Roberto  Villasenor,  Student,  Univ.  of  Mich.,  2310 
Elmwood  St.  1818as 

Big  Rapids 

Kent  Hanchett,  Sales  Mgr.,  Hanchett  Mfg.  Co.,  124 
Ives  Ave.  204la 

Cadillac 

W.  V.  Barrowclough,  V.  P.  and  Mgr.,  Wood  Parts, 
Inc.  1247v 

fLouis  F.  Notd,  Asst.  Mgr.,  Plywood  Inc.  773v 

Charlevoix 

tGordon  L.  Freedman,  Pres.,  Freedman  Artcraft  Eng. 
Corp.  818v 

Conuna 

Virl  D.  Marshall,  603  W.  Corunna  Ave.  1938v 

Dearborn 

Ray  C.  Connor,  6067  Attoline  Ave.  1230v 

Detroit 

Harry  Crump,  Mgr. — Tool  Sales,  Carboloy  Co.,  Inc., 
Box  237 — -Roosevelt  Park  P.  O.  (32)  l663v 

J.  Stokes  Gillespie,  Sales  Engr.,  Wear  Parts,  Carbo¬ 
loy  Company,  Inc.,  Box  237,  Roosevelt  Park  Annex 

tP.  S.  Hewett,  Dir.  of  Res..  Chem.  Div.,  Reichhold 
Chemicals,  Inc.,  601  Woodward  Heights  (20) 

^  296v 

George  W.  Hood,  Pres.,  The  Chemiseal  Co.,  Inc., 
9316  Burnette  (4)  1412v 

tHarry  Kline,  Manager  &  Tech.  Dir.,  Reichhold  Chem¬ 
icals  Inc.,  601  Woodward  Hts.  Blvd.  (20)  803v 

Virgil  J.  LMch,  Pres.,  General  Hardwood  Co.,  7201 
E.  McNichols  Rd.  (12)  1246v 

D.  W.  McArthur,  Reichold  Chemicals,  Inc.,  601 
Woodward  Heights  Blvd.  (20)  1363v 

H.  Morrison,  Chrysler  Corp.,  Cycleweld  Div.,  Box 

1239  (31)  1114a 

Lowell  V.  Robinson,  Chief  Engr.,  Crawford  Door  Co., 
401  St.  Jean  Ave.  (14)  14l7v 

Walter  H.  Schmitt,  Porto  Pump  Inc.,  227  Iron  St. 

(7)  1028V 

tj.  F.  Schram,  Res.  Engr.,  Kercheval  Plant,  Chrysler 
Corp.  (14)  206 

I.  A.  Schulist,  Midland  Glue  Products  Co.,  1478-88 

Madison  Ave.  (7)  1061a 

Anthony  J.  Skomski,  Student,  Michigan  State  College. 

434  Hollywood  W.  (3)  1333as 

William  F.  Spinnegan,  Salesman,  Monsanto  Chemical 
Co.,  827  Fisher  Bldg.  (2)  1730v 

fRichard  S.  Stoker,  Line  Stds.  Engr.,  Detroit  Edison 
Co..  2000— 2nd  St.  (26)  407v 

tDon  B.  Wallace,  Pres.,  Don  B.  Wallace  Co.,  3963 
Penobscot  Bldg.  (26)  195v 

James  R.  Webb,  Pres.,  Mich.  Lbr.  Fabricators,  Inc., 
728  Fisher  Bldg.  2l47v 

Dollar  Bay 

tjohn  S.  Horner,  Pres.,  Horner  Wood  Products,  Inc. 

672v 

East  Ann  Arbor 

Roberto  Villasenor,  Student,  2310  Elmwood  St.,  Univ. 
of  Mich.  1818as 

East  Lansing 

Russell  C.  Deckert,  Dept,  of  Forestry,  Michigan  State 
College  ll40v 

John  K.  Guiher,  Instr.,  Mich.  State  College  Dept,  of 
For.  1978V 

tAlexis  J.  Panshin,  Prof,  of  For.,  Dept,  of  For.,  Mich. 

State  College  l67v 

Ralph  H.  Parsons.  330  Marshall  St.  2207a 

John  L.  Zeller,  Student,  Mich.  State  College,  808-D 
Maple  Lane  1982as 

Flint 

Wilvan  A.  Gardner,  Engr.,  1908  W.  Dayton  St.  (4) 

1373a 

Raymond  C.  Phelps,  Flint  River  Fuel  8c  Lumber  Co., 
Box  333  (1)  1423a 

Grand  Haven 

M.  C.  Faulkner,  Plant  Mgr,,  Evans  Products  Co., 
Box  492  899v 

Grand  Rapids 

E.  J.  Andersen,  Irwin  Seating  Co.,  1480  Buchanan. 

S.  W.  (2)  2210V 

Fred  Atkinson,  Perkins  Glue  Co.,  418  Prospect  Ave., 
N.  E.  1299V 
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1  For  a  truly  good  floor 

DIMENSION  STOCK 

manufactured  under 

NORTHERN 

Quality  Control  Methods 

HARD  MAPLE 

truly  economical 

truly  modern 

truly  resilient 

EVERY  operation  is  carefully 

chedced  in  a  Quality  Control  Lab* 
oratory.  Some  tolerances  to  1/64 

A 

of  an  inch!  Morgan  area  467,000 
sq.  ft.;  capacity  1,600,000  feet  of 

MAPLE  FLOORING 

lumber  a  month. 

MANUFAQURERS  ASSN. 

MORGAN  Manufacturing  Co. 

OSHKOSH,  WISCONSIN 

BLACK  MOUNTAIN,  N..C. 

T.  J.  MOSS  TIE  CO. 

COMPLIMENTS  OF 

700  Security  Bldg. 

ST.  LOUIS,  MO. 

STORY  AND  CLARK 

Suppliers  to  Railroads  and  Industry  of 
Pressure  Treated  Forest  Products 

PIANO  CO. 

CROSS  TIES 

64  E.  JACKSON  BLVD. 

SWITCH  TIES 

MT^  POLES  and  PILING 

CHICAGO,  ILL. 

RAILROAD  CROSSINGS 

• 

1^^  LUMBER  and  TIMBERS 
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B.  M.  Baker,  V.  P.,  Grand  Rapids  Chair  Co.,  1661 

Monroe  Ave.  N.  W.  1562v 

fBaker  furniture,  Inc.  (Hollis  S.  Baker,  Pres.),  Ex¬ 
hibitors  Bldg.  (2)  384s 

tRobert  H.  Bennett,  Pres.,  Stow  &  Davis  Furn.  Co., 
70  Front  Ave.,  S.  W.  (4)  314v 

Julius  Bergsma,  Partner,  Bergsma  Bros.,  1330  Blaine 
Ave.,  S.  E.  (7)  „  1474v 

Anthony  F.  Christy,  Supt.,  Imperial  Furn.  Co.,  1640 
Broaaway  Ave.  N.  W.  (2)  •  1606a 

Alexander  L.  Clark,  Klok  Inst.,  714  Garfield,  N.  W. 

2218as 

J.  E.  Cowlishaw,  Mgr.,  Grand  Rapids  Wood  Finishing 
Co.,  53-71  Grandville  Ave.,  S.  W.  (2)  1780v 

Raymond  H.  Dingman,  Chief  Instructor,  Klok  Insti¬ 
tute,  154  Louis  St.  (2)  940v 

John  W.  Dregge,  Exec.  Vice-Pres.,  Nichols  &  Cox 
Lbr.  Co..  1035  Godfrey.  S.  W.  (2)  1372v 

Henry  C.  Green,  Technician,  F.  M.  Curran  &  Assoc., 
710  Monroe  Ave.,  N.  W.  (2)  2179v 

C.  P.  Hancock,  District  Mgr.,  The  Borden  Co., 

Chem.  Div.,  1035  Jackson  St.,  N.  W.  1546v 

tjames  B.  Imrie,  Imrie  Dry  Kiln  Co.,  Mich.  Trust  Bldg. 

(2)  820v 

tjames  E.  Imrie,  Imrie  Dry  Kiln  Co.,  Mich.  Trust  Bldg. 

(2)  819v 

tCharles  Kindel,  Plant  Mgr.  &  Vice-Pres.,  Kindel  Furn. 

Co..  100  Garden  St.,  S\  E.  387v 

Victor  J.  Knies,  Student,  Klok  Inst.,  154  Lewis  St. 

(2)  2204as 

Russell  E.  Kortge,  Asst.  Kiln  Operator,  Nichols  &  Cox 
Lbr.  Co.,  331  Madison  Ave.,  S.  E.  1541v 

John  E.  Langwig,  1624  Sherman  St.,  S.  E.  1396as 
W.  E.  Larson,  Mgr.,  Owner.  Fine  Arts  Furniture  Co., 
802  Monroe  Ave..  N.(2)  1208a 

tH.  A.  Lenderink,  Wood  Tech.,  Stiles  Lbr.  it  Veneer 
Co..  210  Murray  Bldg.  (2)  375v 

Robert  C.  Lillie,  Sec.,  Johnson  furniture  Co.,  1101 
Godfrey  Ave.,  S.  W.  (2  )  934v 

W.  E.  Martin.  Technical  Service  Dir..  Grand  Rapids 
Varnish  Corp.,  1350  Steele  Ave..  S.  W.  (2)  1515v 

Edward  McCready,  Grand  Rapids  Store  Equipment  Co.. 

1340  Monroe  Ave..  N.  W.  (2)  2206v 

tGeorge  D.  Meier,  Wood  Tech.,  Haskelite  Mfg.  Corp., 
701  Ann  St.  (2)  76lv 

Robert  C.  Moore,  Klok  Inst.,  154  Lewis  St.  2205as 
Arthur  R.  Nye,  Student,  Klok  Inst.,  154  Louis  Street. 

N.  W.  2227as 

Donald  G.  C.  Perry,  Pres.,  Contract  Furn.  Co..  5C7 
Monroe  Ave.,  N.  W.  (2)  2102v 

Chester  A.  Perschke,  American  Seating  Co.,  901  Bro’d- 
way  Ave.,  N.  W.  (2)  2200v 

W.  L.  Steen.  Mich.  Pattern  Works,  344  Commerce 
Ave..  S.  W.  (3)  22l6v 

fAlexander  Stuart,  Prod.  Mgr.,  John  Widdicomb  Co.. 

601  Fifth  St.  N.  W.  828v 

tS.  W.  Tamminga,  Vice-Pres.,  Hekman  Furn.  Co.,  1400 
Buchanan  Ave.,  S.  W.  (2)  }92v 

tjac.  H  Tigelaar,  Dir  of  Res.  &  Tests,  Haskelite  Mfg. 

Corp.  I4v 

Jacob  H.  Vander  Vennen,  Supt.,  Vander  Ley  Bros. 
Furn,  Co.,  707  Griggs  St.,  S.  W.  (9)  1694v 

Hancock 

Arthur  J.  Bruneau,  Pres.,  Northern  Modern  Builders. 
Inc.,  609  Hancock  St.  124lv 

Haitingt 

L.  R.  Mattson,  Grand  Rapids  Bookcase  Sc  Chair  Co.. 
635  W.  State  St.  2213v 


Hetmaniville 

tG.  Harold  Earle,  Wisconsin  Land  Sc  Lbr.  Co. 


582a 


HolUnd 

Robert  Bennett.  Plant  Supt.,  Ply-Curves  Inc.,  128 
Fairbanks  Ave.  2064a 

M.  Everett  Dick,  V.  P.,  Buss  Machine  Works,  205 
W.  8th  St.  1229v 

Tames  P.  W.  Fluhr,  Apt.  25,  Temple  Bldg.  1424as 

John  Jander,  Baker  Furn.  Co.,  Inc.,  1092  South  Shore 
Dr.  2202V 

tjames  D.  Quist,  Chemist  (Consultant),  204  E.  38th 
St.  67  3v 

Houghton 

tHereford  Garland,  Dir.,  Forest  Products  Research  Div., 
Michigan  College  of  Mining  Sc  Technolo^  83v 

Leland  W.  Hooker,  Mich.  College  of  Mining  and 
Tech.  2194v 

tWalter  H.  Koepp,  Chem.  Engr.,  Mich.  College  of 
Mining  Sc  Teen.  680v 

Ionia 

tFred  C.  Barnes.  Purch.  Agt..  Ionia  Mfg.  Co.  520v 


Iron  Mountain 

tAbbott  M.  Fox,  Pres.,  Abbott  Fox  Lbr.  Co.  I45v 
Walter  A.  Henze,  Consulting  Forester,  628  East  'C 
St.  1257a 


Ironwood 

fLawrence  P.  Walsh,  Sec.,  Timber  Producers  Assn.,  Box 
431  205v 


Kalunuoo 

tCharles  W.  Cassell,  2347  So.  Rose  St.  (35)  365v 

TG.  G.  Garlick,  Dir.  of  Res.,  Protection  Products  Mfg. 
Co.,  Box  747  (99)  571v 


Lansing 

George  E.  Billings,  Mich.  Dept,  of  Econ.  Develop., 
8l4V^  S.  Chestnut  2l46v 

Norman  F.  Smith,  Forest  Management  Sc  Research, 
Michigan  Dept,  of  Conservation  (13)  1139v 


Manistique 

I.  J.  McLaughlin,  Sales  Mgr.,  Michigan  Dimension 
Co.  1125V 

R.  L.  Prine,  Gen.  Mgr.,  Michigan  Dimension  Co. 

1124v 


Marquette  >> 

tArthur  W.  Goos,  Res.  Dir.,  OiSs  Dow  Chemical  Co. 

36v 

R.  W.  Jenner,  Gen.  Mgr.,  Cliffs  Dow  Chemical  Co. 

1236v 

tM.  W.  Nunemaker,  Gen.  Mgr.,  Munising  Wood 
Products  Co.,  Inc.  515v 

Maxwell  K.  R^nolds,  Jr.,  Sec.-Treas.,  Ajax  Lumber 
Co.,  Union  National  Bldg.  1558a 

Neal  G.  Sperhake,  forester, -William  Bonifas  Lbr.  Co.. 
Union  Natl.  Bank  Bldg.  1794v 

Menominee 

Henry  F.  Horton,  Asst,  to  the  Pres.,  Prsecott  Co.. 

1061  Sheridan  Rd.  1525v 

tRoss  Langill,  Secy-Treas.,  Prescott  Co.  813v 

Midland 

tGeorge  E.  Olson,  Technical  Development  Sales,  The 
Dow  Chemical  Co.  203v 

The  Dow  Chemical  Co.  (Frank  B.  Smith),  Tech.  Serv. 
Sc  Develop.  Div.  1559s 

Mudeegon 

S.  P.  Jacobson,  Works  Mgr.,  Brunswick  Balke  Col- 

lender  Co.,  1700  Messier  St.  1888v 

Nahma 

tj.  S.  Landon,  Lumberman,  Bay  De  Noquet  Co.  536a 
Newberry 

tC.  D.  Zagemeier,  Pres.,  Mich.  Pole  &  Tie  Co.  742v 

Otsego 

David  H.  Greene,  Paper  Mill  Mgr,,  Otsego  Falls  Pa¬ 
per  Mills,  Inc,,  Farmer  St.  I448v 

Pickford 

R.  E.  Garrett,  Dist.  Forester,  Wm,  Bonifas  Lbr,  Co., 
P.  O.  Box  135  2144v 

R.  E  McCraney,  Forester,  Wm.  Bonifas  Lbr,  Co.,  Box 
143  1914v 


Reed  City 

tjohn  A.  Bugge,  Mgr.,  Osceola  Lbr.  Co.  693v 

Royal  Oak 

Harold  Beaver.  Mgr..  Big  Beaver  Specialty  Co.,  1650 
Rochester  Rd.,  R.  F.  D.  fl  N  2095v 

St.  Qair 

Thomas  E.  Jeffries,  Clair-Ridge  Lumber  Corp.,  216  S. 
Riverside  1279v 

South  Haven 

Everett  Piano  Co.,  (George  H.  Stapley,  Pres.),  Indi¬ 
ana  Ave.  8c  Elkenburg  St.  1212s 

Srambaugh 

Duane  L.  Kenaga,  Box  613  1122v 

Wakefield 

The  Connor  Lumber  Sc  Land  Co.,  (G.  R.  Connor, 
Mgr.,  Michigan  Division)  1192s 

Watervliet 

tHuguenin  Miller,  Watervliet  Paper  Co.  294v 

Willow  Run 

Frank  L.  Burns,  Student,  Univ.  of  Mich.,  1022  Revere 
Court  2046is 

David  W.  Swanson.  Student,  University  of  Michigan. 
1123  Southwick  Court  l455as 

Ypsilanti 

Bill  N.  James,  Student,  West  Lodge  1358as 

Louis  E.  Lecheler,  Student,  Univ,  of  Mich.,  1500  Met- 
'■’If:  Willow  Run  Villaee  1843a5 

Robert  L.  Youngs,  Student,  Box  846,  West  Lodge 

1598as 
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Since  1929  Hyster  Company  has  been 
identified  with  the  forest  products  indus¬ 
try.  .  .  .  Hyster  tractor  equipment,  made 
for  use  with  "Caterpillar"  track-type 
tractors,  includes  winches,  yorders  and 
donkeys,  arches  and  sulkies,  and  the 
Hystoway  (combination  dragline,  clam¬ 
shell,  crone).  .  .  .  Hyster  lift  trucks  and 
straddle  trucks  include  7  models,  all  on 


HYSTER 

EQUIPMENT 
for  the 
Forest  Products 


Industry 


pneumatic  tires,  ranging  in  capacity  from 
2000  lbs.  to  30,000  lbs.  .  .  .  Hyster  dis¬ 
tributors  and  dealers  are  located  in  prin¬ 
cipal  cities  throughout  the  world.  .  .  . 
Hyster  Company,  Portland,  (Oregon: 
Peoria  and  Danville,  Illinois. 


0 
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Zeeland 

Hugh  DePree,  Works  Mgr.,  Herman  Miller  Futn.  Co.. 
Washington  St.  2186v 


MINNESOTA 

Btainetd 

tA.  J.  Loom,  Gen.  Supt.  Timber  Pres.,  North.  Pac. 
R.  R.  565v 


Qoquet 

fClark  C  Heritage,  Tech.  Dir.,  Wood  Conversion  Co. 

525v 

Crosby 

Kenneth  E.  Burns,  Pres.,  Burns  Bros.  Co.  2142v 

Duluth 

Carlton  A.  Holmes.  Student,  20)  N.  Eleventh  Ave., 
West  (6)  1331as 

Eveleth 

Roy  J.  Erson,  Mgr.,  Lbr.  Yard,  Fullerton  Lbr.  Co. 

19)3v 

Glen  wood 

Joseph  O.  Grove,  Farmer  1882a 


Hibbing 

Winfield  A.  Remington,  Pres.,  W.  A.  Remington  Co., 
Box  98  1289a 

Lynn  Sandberg,  Iron  Range  Resources  8c  Rehabilita¬ 
tion,  Memorial  Bldg.  201)v 

International  Falls 

George  E.  Chamberlin,  Chemist,  Minn.  &  Ont.  Paper 
Co.,  705  Third  Ave.  2143v 

Minneapolis 

Richard  D.  Burrell,  Student,  Univ.  of  Minn..  179 
Univ.  Village  (14)  2112as 

H.  ‘F.  Fisk,  Mgr.  Gen,  Finishes  Div.,  Forman  Ford  8c 
Co^  111  So.  Second  St.  (1)  887v 

tC.  T.  Jensen,  Vice-Pres.,  Wheeler  Lbr.  Bridge  & 

Supply  Co.,  631  Lbr.  Exchange  Bldg.  539v 

L.  E.  Larkin,  Mgr.,  Republic  Creosoting  Co.,  Box  68. 

St.  Louis  Park  Sta.  (16)  966v 

Clifford  Larson,  Asst,  to  Dir.  of  Res.  Minnesota  & 
Ontario  Paper  Co.,  17  E.  54th  St.  962v 

Howard  Olson,  Sales  8c  Promotion,  Chapman  Chem¬ 
ical  Co.,  4554— 16th  Ave..  S.  (7)  18l6v 

J.  Skala,  G.  H.  Tennant  Co.,  2530  No.  Second  St. 

(11)  lOllv 

James  £.  Stewart,  Gen.  Supt.,  G.  M.  Stewart  Lbr.  Co.. 

421  Johnson  St.,  N.  E  1946v 

tA.  R.  Tegge,  Jr.,  Asst.  Prof.,  Mech.  Engrg.  Dept.. 
Univ.  of  Minn.  (14)  711v 

Walter  B.  Wallin,  Student,  University  of  Minnesota, 
M.  B.  519,  University  Village,  Como  and  29th  Ave.. 
S.  E._(14)  I430as 

R.  C.  Winton,  Winton  Lumber  Sales  Co.,  260  Foshay 
Tower  1029v 

fM.  S.  Wunderlich.  Dir.  of  Res.,  Minn.  8c  Ont.  Paper 
Co.,  500  Baker  Av.  (2)  809v 

New  Brighton 

David  W.  French,  Student,  University  of  Minnesota, 
R.  1  1369as 

St.  Paul 

tjoseph  J.  Allegretti,  Engr.,  Masonite  Corp.,  1441 
Frankson  Ave.  (4)  5l4v 

Victor  H.  Clausen,  Jr.,  Student,  Univ.  of  Minn.,  2130 
Como  Ave..  Apt.  102  (8)  2150as 

fRoland  A.  Glaze.  Chief  Engr.,  Weyerhaueser  Sales 
Co.,  2091  First  Nat’l.  Bank  Bldg.  (1)  650v 

tFrank  H.  Kaufert,  Chief,  Div.  of  For.,  Univ.  of  Minn., 
Univ.  Farm  (1)  49v 

Arne  K.  Kemp,  Student,  Div.  of  Forestry,  Univ.  of 
Minn.  I688as 

tWilliam  A.  Kluendcr.  For.  Agt.,  C.  &  N.  W.  Ry. 

System,  275  E.  Fourth  St.  (1)  877y 

Rilco  Laminated  Products,  Inc.  (M.  C.  Neel,  Chief 
Engr).,  First  National  Bank  Bldg.  (1)  1026s 

Ortie  LaVoy,  Weyerhaeuser  Sales  Co.,  First  Natl 

Bank  Bldg.  (1)  206lv 

tC.  M.  Sporly,  Vice-Pres.,  Valentine  Clark  Corp.,  2516 
Doswell  Ave.  (8)  490v 

Frank  E.  Villaume,  Vice-Pres.,  Villaume  Box  8c  Ii>r. 

Co.,  70  W.  Indiana  Ave.  (l)  1795v 

tRobert  E.  Wilson,  Commissioner,  Iron  Range  Re¬ 

sources  8c  Rehabilitation,  622  State  Office  Bldg,  fl) 

64lv 


NEBRASKA 

Beatrice 

M.  G.  Jones.  The  Store  Kraft  Mfg.  Co.  1018v 

Bernard  W.  King.  The  Store  Kraft  Mfg.  Co.  1036v 
Marion  Morton,  The  Store  Kraft  Co.  1035v 


Omaha 

W.  L.  Burritt,  Pres..  Midwest  Creosoted  Products  Co., 
1135  Redick  Tower  (2)  1751v 

tL.  P.  Drew,  Asst.  Chief  Engr.,  Union  Pacific  RR  Co., 
1416  Dodge  St.  (2)  645^ 

NORTH  DAKOTA 
Siotix  Foils 

Arthur  H.  Thornton,  Gen.  Sales  Mgr.,  Northwest 
Wood  Preserving  Co.,  215  E.  I4th  St.  1764v 


OHIO 

Bedford 

James  R.  Crawmer,  Lumber  Director,  B.  L.  Marble 
Chair  Co..  89  Willis  St.  1745v 

Celina 

H.  R.  Winogrond,  Chairman  8c  Gen.  Mgr.,  Mersman 
Bros.  Corp.,  West  Wayne  Street  1607a 

Cincirmati 

The  Baldwin  Co.,  (Lucien  Wulsin,  Pres.),  1801  Gil¬ 
bert  Ave.  (2)  1206s 

George  W.  Bill.  Avco  Manufacturing  Corp.,  1329 
ArUn^on  St.  (25)  1033v 

H.  E.  Everley,  Mgr.,  Trade  Extension  Dept.,  Appa¬ 
lachian  Hardwood  Mfrs.,  Inc.,  414  Walnut  St.  (2) 

1549V 

W.  J.  Gerbardt,  Sec.-Treas.,  M.  B.  Farrin  Lumber 
Co.,  4322  Station  Ave.  (32)  1345v 

The  Kirk  8c  Blum  Mfg.  Co.  (R.  J.  Blum,  Jr.,  Pres.). 

2850  Spring  Grove  Ave.  (25)  1153s 

fVictor  J.  Kraus,  Dir.  of  Purch.,  The  Baldwin  Co., 
1801  Gilbert  Ave.  (2)  168v 

The  Ohio  Knife  Co.,  (J.  B.  Randolph,  Pres.)  B.  & 
O.  R.  R.  and  Dreman  Ave.  (23)  1337s 

Robert  H.  Schlueter,  Prod.  Engr..  Vulcan  Corp.,  6l2 
First  Nat‘1  Bank  Bldg..  4th  8c  Walnut  St.  (2)  l623v 
Richard  Ungar,  V.  P..  Rich  Ladder  8c  Manufacturing 
Co..  1028  Depot  St.  (4)  1240v 

Paul  Watts.  Sales  Mgr..  Hagemeyer  Lumber  Co.,  912 
Second  National  Bank  Bldg.  (2)  '  i324v 

tThe  Vulcan  Copper  8c  Supply  Co.  (T.  O.  Wentworth, 
Pres.).  120  Sycamore  333s 

F.  C.  Zimmerman,  Mgr.,  Instantaneous  Glue  Con¬ 
verter  Co.,  3752  Montgomery  Rd.  (12)  1900v 

Cleveland 

Leonard  A.  Batke.  Student,  Mich.  State  College,  4517 
W.  35th  St.  (9)  1589as 

fH.  O.  Bush,  Tie  8c  Timber  Agt.,  Erie  R.  R.  Co.,  101 
ProspKt  Ave.,  N.  W.  (15)  431v 

T.  H.  Ferguson,  The  American  Fork  8c  Hoe  Co.,  1623 
Euclid  Ave.  1042 v 

W  W.  Henderson,  The  Special  Chemicals  Co.,  1'45 
E.  18th  St.  (14)  1890v 

tCarl  J.  Lerch,  Woodwork  Engr..  White  Sewing  Ma¬ 
chine  Corp.,  17515  Glendale  Ave.  622v 

Edward  B.  Osborne,  B.  F.  Goodrich  Chemical  Co., 
Rose  Bldg.  1084v 

tjos.  Prescott,  Supvsg.  Engr.,  Cleveland  Elec.  Il¬ 
luminating  Co.,  75  Public  Sq.  (1)  5I9v 

Edward  H.  Sanders,  Engr.,  Davis  Plywood  Corp.. 

12555  Berea  Road  (11)  l699v 

P.  E.  Sprague,  Vice-Pres..  The  Glidden  Co.,  1396 
Union  Commerce  Bldg.  (14)  2239s’ 

fR.  Chester  Walling.  Sales  Mgr.,  Cozier  Container 
Corp.,  446  E.  131  St.  353v 

tGeo.  C.  Whitaker,  Harshaw  Chemical  Co.,  1945  E. 
97th  St.  574a 


Columbus 

Buckeye  Screen  &  Weatherstripping  Co.,  (George  H. 
Barr,  Pres,  and  Gen.  Mgr.),  1365  So.  Ohio  Ave. 
(6)  1203s 

Marsden  Brundage.  Central  States  Forest  Experiment 
Station,  68  E.  No.  Broadway  (2)  1024v 

fRalph  K.  Day.  Forester,  For.  Utility  Serv.,  -Central 
States.  For.  Exp.  Sta..  Old  Post  Office  92v 

tRay  E.  Heiks,  Battelle  Memorial  Inst.,  505  King  Ave. 

576v 

William  H.  Hoge,  Student,  Ohio  State  University,  124 
E.  I4th  Ave.  l495a< 

Walter  Irwin,  Vice-Pres.,  Union  Fork  8C  Hoe  Co..  500 
Dublin  Ave.  1875a 

Walter  E.  Morgan,  Pres.  Sc  Treas.,  Morgan  Lbr.  Sales 
Co..  65  East  Broad  St.  (15)  9l4a 

tA.  W.  Sharp,  Partner,  Columbus  Wood  Pres.  Co..  50 
W.  Broad  (15)  443v 

tRobert  F.  Snider.  Dir.  of  Res.,  Franklin  Glue  Co.. 
119  W.  Chestnut  St.  (15)  489v 


Dayton 

Kenneth  P.  Geohegan.  Technical  Dir.,  Howard  Paper 
Mills,  Inc..  115  Columbia  St.  (7)  156lv 
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CAMINO  QUALITY  CALIFORNIA 
SUGAR  AND  PONDEROSA 
PINE  LUMBER 

Sawn  from  Logs  from  the 
Camino  Tree  Farm 

Operated  by  . 

Th« 

Michigan-California 
Lumber  Company 

CAMINO,  ELDORADO  COUNTY, 
CALIFORNIA 

Member  Western  Pine  Association 


PLYWOOD 
and  VENEER 
MACHINERY 


BOLL 

COATEBS 


GLUE 

MIXEBS 


VENEEB 

CUTTEBS 


HOT  PLATE 
HYDBAULIC 
PBESSES 


COLD 

LAMINATING 

PBESSES 


Write  lor  BuJJetins 

COLUMBI 


and 

lOINTEBS 


MACHINERY  and  ENGINEERING  CORP. 


Hamilton,  Ohio,  U.  S.  A. 


^  DELMHORST  INSTRUMENT  COMPANY 

BOONTON,  NEW  JERSEY 


SAVE  LUMBER 


IMPROVE  PRODUOION 


DELMHORST  MOISTURE  measure 

moisture  content  of  oil  kinds  of  wood  over  a 
range  from  4  to  65%.  Accurate  readings  read 
directly  on  the  meter  —  no  diols  or  knobs  to  turn 
—  no  calculations  required. 

Measures  overage  moisture  content  and  distribu¬ 
tion  of  moisture. 

Interchangeable  electrodes  to  fit  your  needs  — 
Write  for  complete  information  on  our  vnriows 
models  for  lumber,  veneer,  poper,  etc. 


Rezo  cell-type 
Flush  Doors 

Manufactured  by 

PAINE  LUMBER  CO. 

LTD. 

OSHKOSH,  WISCONSIN 
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OHIO — Continued 
Lectonia 

Ray  C.  DuBrucq.  Vice-Pres.  &  Gen.  Mgi.,  Crescent 
Machine  Div.  oi  Rockwell  Mfg.  Co.,  P.  O.  Box  132 

2242V 

Lewistown 

E.  Burns  Miller,  Partner,  E.  B.  Miller  Sawmill  1293a 
Mr.  Vernon 

Gordon  P.  Dillon,  Shellmar  Corp.  943v 

Otrville 

tR.  H.  Bescher,  Mgr.,  Tech.  Dept.,  Wood  Preserv. 
Div.,  Koppers  Co.,  Inc.  73v 

Painesville 

K.  L.  Spieldenner,  Salesman,  The  forest  City  Mate¬ 
rial  Co.,  642  Fairfield  M.  1242v 

Piqu 

Gordon  B.  Sims,  Sec.-Treas.,  Cron  Kills  Co.,  Inc.,  230 
First  St.  1336v 

Ravenna 

Sta-Warm  Electric  Co.,  (Hamilton  P.  Viets,  Sales 
Mgr.),  333  N.  Chestnut  St.  1183s 

Shaker  Heights 

fRaymond  G.  Booty,  17706  Scottsdale  Blvd.  136v 

Swanton 

George  L.  Pilliod,  Pilliod  Cabinet  Co.  2189v 

Toledo 

Maurice  H.  Bigelow,  Plaskon  Div.,  Libby-Owens 

Ford  Glass  Co.,  2112  Sylvan  Ave.  (6)  llOlv 

fLambert  T.  Erickson,  Chief  Engr.,  Jennison-Wright 
Corp.,  2463  Broadway  (1)  434v 

Plaskon  Div. — Libbey-Owens-Ford  Glass  (R.  C.  Hes- 
selbart.  Tech.  Serv.  Dept.),  2112-24  Sylvan  Ave. 
(6)  1768s 

tA.  L.  Simnson,  Timb.  Treatment  Engr.,  New  York 
Central  System,  328  S.  Detroit  Ave.  (9)  791v 

Wooster 

tOliver  D.  Diller,  Ohio  Agric.  Ezpt.  Sta.  600v 


ONTARIO  (WESTERN) 

Bartonville 

Roy  G.  Cole,  Sec.-Treas.,  Cole  Lumber  Co.,  Ltd.. 
Lawrence  Rd.  1243v 

Owen  Sound 

David  Roberts,  Gen.  Mgr.,  RCA  Victor  Co.  Ltd.,  126 
14th  St.,  W.  2124v 

Port  Arthur 

C.  I.  D.  McDonald,  Engr.,  Northern  Wood  Preservers. 

Ltd.,  P.  O.  Box  310  1668a 

tRobt.  J.  Prettie,  Pres  &  Gen.  Mgr.,  Northern  Wood 
Preservers,  Ltd.,  P.  O.  Box  310  393v 

Sault  See.  Marie 

tChas.  A.  Rowe,  Supt.,  Algoma  Central  Railway  397v 
Rodger  M.  Dorland,  Central  Res.  &  Develop.  Div., 
Abitibi  Power  &  Paper  Co.,  Ltd.  2201v 

Sioux  Lookow 

G.  E.  Farlinger,  Pres.,  Patricia  Lbr.  Co.,  Ltd.,  P.  O. 
Box  99  1643a 

Sudbu^ 

Benjamin  F.  Merwin,  Pres.,  Pineland  Timber  Co.. 
Ltd.,  Box  126  1833v 

Thorold 

Edward  B.  McGraw,  Asst,  to  Pres,  on  Woodl’nd 
Affairs,  Ontario  Paper  Co.,  Ltd.  2l67v 

Toronto 

Lew  Wright,  Canadian  Woodworker,  347  Adelaide  St. 
W.  2203a 


SOUTH  DAKOTA 
Rapid  City 

W.  P.  Myhern,  Gen.  Mgr.,  Buckingham  Wood  Prod¬ 
ucts  Co.,  Box  1631  1804v 

Aberdeen 

C.  D.  Lingor,  Sec.,  Dakota  Sash  &  Door  Co.,  Box 
15,  932v 

WISCONSIN 

Af^eton 

flrving  H.  Isenberg,  Res.  Assoc.,  Inst,  of  Paper  Chem., 
P.  O.  Box  498  31 3v 

Rudolph  C.  Konz,  Appleton  Lumber  Co.,  113  N. 

Douglas  St.  1189v 

tHarry  f.  Lewis,  Dean,  Inst,  of  Paper  Chemistry  99v 

BHoit 

Rust  F.  Gray,  Vice-Pres.,  Wisconsin  Knife  Works  732v 
A.  H.  Woeckel,  Yates  American  Machine  Co.  996v 


Cedarburg 

Kiekhaefer  Corporation,  (A.  A.  Hauser,  Sales  Rep.), 
210  Western  Ave.  12l6s 

Cornell 

tGeo.  L.  Petersen,  Resident  Mgr.,  Cornell  Wood  Prod¬ 
ucts  Co.  I63v 

Cumberland 

Donald  B.  Cope,  Plant  Mgr.,  Hough  Shade  Corpora¬ 
tion  I468v 

Eagle  Rivet 

Prank  Suder,  Supt.,  Northern  Crate  &  Lbr.  Co.  1774v 
Eau  Claire 

tj.  W.  Landino,  Forester,  Sterling  Pulp  &  Paper  Co., 
Box  227  309v 

Fort  Atkinson 

Robert  A.  Kreuger,  Engan-Braun  Lbr.  Co.,  101  Janes¬ 
ville  Ave.  1238v 

Gillett 

Walter  W.  Smith,  Linwood,  Inc.  987v 

Green  Bay 

W.  K.  Schlegel,  Field  Serv.  Rep.,  Monsanto  Chemical 
Co.,  303y2  N.  Adams  1729v 

Hartland 

tRobert  L.  Hiller.  R.  |1  133v 

Janesville  ,  ^ 

Albert  P.  Hough,  V.  P.  Hough  Shade  Corporation, 
1029  South  Jackson  St.  1469v 

Kenosha 

Earl  A.  White,  Supt.  of  Wood  Prod.  Div.,  Simmons 
Company,  3311  Fifth  Ave.  1421v 

La  Crosse  _ 

tE.  J.  Kreutz,  Vice-Pres.,  Segelke  &  Kohlhaus  Co. 

731v 

Ladysmith 

Harold  J.  Peavy,  Gen.  Mgr.,  Peavy  Paper  Mills  (Inc.) 

1388V 

Madison 

tEric  A.  Anderson,  Tech.,  U.  S.  Forest  Prod.  Lab.  (3) 

'  681v 

tRoy  H.  Baechler,  Chemist,  U.  S.  For.  Prod.  Lab.  (3) 

116v 

Edward  Beglinger,  Chemist,  U.  S.  Forest  Products  Lab¬ 
oratory  1196v 

tClaude  C.  Bell,  Technologist,  U.  S.  Forest  Products 
Laboratory  (3)  312v 

fDon  Brouse,  Engineer,  U.  S.  Forest  Products  Labo¬ 
ratory  (3)  501v 

tH.  N.  Calderwood,  3103  Cross  St.  (3  )  696v 

tjphn  T.  Drow,  Engr.,  U.  S.  For.  Prod.  Lab.  (3)  763v 
jThorwald  A.  Carlson,  Engr.,  Chief,  Div.  of  Material 
Containers,  U.  S.  Forest  Products  Laboratory  (3) 

108v 

fDonald  G.  Coleman,  Technical  Reviewer,  U.  S.  For¬ 
est  Products  Laboratory  (3)  309v 

tLee  W.  Crandall,  Prof.,  Civil  Engrg.  Dept.  Univ.  of 
Wis.  (6)  722v 

Edward  M.  Davis,  Technologist,  U.  S.  For.  Prod.  Lab. 
(3)  I792V 

tM.  E.  Dunlap,  Engr.,  Forest  Products  Laboratory  (3) 

741v 

tJ.  J.  Fitzpatrick  Lbr.  Co.  (Lawrence  J.  Fitzpatrick, 
Pres.),  3230  University  Ave.  (3)  483s 

tEloise  Gerry,  For.  Prod.  Tech.,  U.  S.  For.  Prod.  Lab. 

1103  Dartmouth  Rd.  (3)  379v 

fElwin  E.  Harris,  Chemist,  U.  S.  For.  Prod.  Lab.  (3) 

180v 

Paul  N.  Holmes,  U.  S.  Forest  Products  Laboratory  (3) 

lOOOv 

tC.  E.  Hrubesky,  Chemist,  U.  S.  For,  Prod.  Lab.  (3) 

796v 

tGeorge  M.  Hunt,  Director,  U.  S.  For.  Prod.  Lab.  (3) 

lOv 

tjohn  C.  Killebrew,  Tech.,  U.  S.  For.  Prod.  Lab.,  3813 
Euclid  Ave.  (3)  30v 

tGordon  D.  Logan,  Personnel  Dir.,  U.  S.  For.  Prod. 

Lab.  (3)  767a 

tL.  J.  Markwardt,  Asst.  Dir.,  U.  S.  For.  Prod.  Lab.  (3) 

12v 

Theodore  J.  Martin,  Tech.,  U.  S.  For.  Prod.  Lab. 

3738  Ross  St.  (3)  9l6v 

tWm.  W.  Mitchell,  Asst.  Chief,  Div.  of  Personnel 
Mgt.,  U.  S.  For.  Prod.  Lab  (3)  24v 

Edward  A  Mraz,  Scientific  Aide,  U.  S.  Forest  Prod. 

Ub..  2213  Hegg  Ave.  2125v 

tC.  B.  Norris.  Engr..  U.  S.  For.  Prod.  Lab.  (3)  7l6v 
tBenson,  H.  Paul.  Chief  Div.  of  Silvi.  Rel.,  U.  S.  For. 

Prod.  lab..  1118  University  Bay  Dr.  (3)  663v 

tEdward  C.  Peck.  Tech.,  U.  S.  For.  Prod.  Lab..  2001 
Monroe  St.  (3)  723v 
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Improve  Wood  Processing 

With  Basic  Allis-Chalmers  Developments 
Iti  Wood  Utilization  Equipment! 


BARK  ALL  PULP  WOODS  •conoinically  with  th*  Sfrcam. 
barker'  —  hydraulic  bark  ramovtr. 


REDUCE  WOOD  WASTE  to  fiber  between  hardened  PUMP  STOCKS  up  to  8  per  cent  contittence  with  “PW 
plates  of  the  Inter-Pfone  Grinder.  Pump"  and  “Hi-Density  Feeder”  team. 


THESE  EXAMPLES  —  selected  from  hundreds  of  Allis-Qialmers 
products  used  in  wood  processing  industries  —  show  the  importance 
of  Allis-Chalmers  in  efficient  utilization  of  wood  supplies. 

If  you  want  to  improve  your  products  or  increase  production,  chances 
are  Allis-Chalmers  can  fill  your  equipment  requirements.  For  informa¬ 
tion  on  the  complete  equipment  line,  call  your  nearby  Allis-Chalmers 
Sales  Office  or  write  for  Bulletin  25B6827.  A-2751 

ALLISCH ALMERS,  81 2A  SO.  70  ST.  MILWAUKEE,  WIS. 

Hi-Density,  Imer-PUtte  and  Strtnminrktr  are  Allis-Chalmers  trademarks. 

AILIS-CHALMERS^ 


PROCESS  PLYWOOD  PANELS  faster  with  batch  press  and 
Allis-Chalmers  15  kv  dielectric  heater. 
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WUtCUNSUN— Contniued 

tMaxon  Y.  Pillow,  Wood  Tech.,  U.  S.  For.  Prod.  Lab., 
418  N.  Franklin  St.  (J)  661  v 

tLester  H.  Reineke,  Tech.,  U.  S.  For.  Prod.  Lab.,  R.  2 
(5)  7}9v 

tC.  Audrey  Richards,  For.  Path.,  Bur.  Plant  Ind.,  Soils, 
&  Ag.  Engrg.,  U.  S.  D.  A.,  181)  Regent  St.  ()) 

39v 

tRaymond  C.  Rietz,  Res.  Eng.,  U.  S.  For.  Prod.  Lab., 
628  Sprague  St.  ())  I66v 

tGeo.  J.  Ritter,  Res.  ^em.,  U.  S.  For.  Prod.  Lab.  ()) 

737v 

tjerome  F.  Saeman,  Chem.,  U.  S.  For.  Prod.  Lab.  (3) 

319v 

tTheodore  C.  Scheffer,  Path.  Bur.  Plant  Ind.  Soils  & 
Ag.  Engrg.,  U.  S.  D.  A.  766t 

fWilbert  E.  Schowalter,  Tech.,  U.  S.  For.  Prod.  Lab. 

(5)  740v 

Ray  M.  Seborg,  Chem.,  U.  S.  For.  Prod.  Lab.  (3) 

2000V 

tMagnus  L.  Selbo,  Chem.  Engr.,  U.  S.  For.  Prod.  Lab., 
2121  Chadbourne  Ave.  (3)  762v 

R.  W.  ^miley.  Salesman,  726  Baltzell  St.  (3)  I6l2v 
tAlfred  J.  Stamm,  Chem.,  Acting  in  Charge,  Piv.  ot 
Derived  Products.  U.  S.  For.  Prod.  Lab.  (5)  121v 

tCarroll  V.  Sweet,  Chief,  Div.  of  Indst.  Investigations, 
U.  S.  For.  Prod.  Lab.  (3)  94v 

F.  J.  Champion,  U.  S.  For.  Prod.  Lab.,  1022  Seminole 
Highway  (3)  2184v 

tOscar  W.  Torgeson,  Engr.,  U.  S.  For.  Prod.  Lab.,  610 
Emerson  St.  (3)  782v 

tThos.  R.  Truax,  Chief,  Div.  of  Wood  Pres.,  U.  S.  For. 

Prod.  Lab.  (3)  74v 

tH.  Dale  Turner,  Chem.  Engr.,  U.  S.  For.  Prod.  Lab., 
413  Chestnut  St.  (3)  771v 

Charles  E.  Van  Hagan.  Secy.-Treas.,  For.  Prod.  Res. 

Soc.,  Box  2010  University  Sta.  (3)  1373v 

Arthur  Van  Kleeck,  Chem.,  U.  S.  For.  Prod.  Lab.  (3) 

2036v 

tWallace  W.  Weber,  1233  Sweetbriar  Rd.,  Shorewood 
Hills  (3)  91v 

tT.  R.  C.  Wilson,  Cons.  Engr.,  University  Sta.  526v 
tW.  G.  Youngquist,  Engr.,  U.  S.  For.  Prod.  Lab.  (3) 

764v 

Marshfield 

fW.  D.  Connor,  Dir.  of  Sales  &  Res.,  Connor  Lbr.  & 
Land  Co.,  P.  O.  Box  112  63v 

Leonard  A.  Ropella,  Roddis  Lbr.  &  Veneer  Co.,  442 
S.  Central  Ave.  I647v 

fStanley  F.  Stevens,  601  S.  Maple  St.  303v 

tOscar  Witt,  Cost  Accountant,  Roddis  Lbr.  &  Veneer 
Co.  87v 

Mellen 

Gus  A.  Seidel.  Penokee  Veneer  Co.  &  Splicewood  Cor¬ 
poration,  Box  301  1187v 

Merrill 

tEmil  Semling,  Pres,  tc  Mgr.,  Semling-Menke  Co.,  Inc. 

194v 

John  F.  Young,  Anson  &  Gilkey  Co.,  Sales  St.  1081v 
Middleton 

Michael  A.  Taras,  1903  Bristol  St.  1023v 

tBruce  G.  Heebink.  Engr.,  U.  S.  For.  Prod.  Lab.  262v 


Milwaukee 

Allis-Chalmers  Manufacturing  •  Co.  (R.  K.  Prince, 
Mgr.,  Wood  Processing  Machinery  Section),  Box 
312  (1)  1308s 

Frost  S.  Cutter,  1348  W.  Bruce  St.  (4)  1096v 

Walker  B.  Hough.  924  E.  Wells  St.  (2)  1184v 

Albert  C.  Kindt,  Pres.,  O.  H.  Kindt  Mfg.  Co.,  2300 
W.  Cornell  St.  2101v 

tjames  R.  Lyon,  Tech.  Serv.,  F.  G.  Findley  Co.,  3033 
W.  Pemberton  Ave.  (10)  197v 

tAugust  C.  Orthmann,  Pres.  &  Dir.,  Orthmann  Lab¬ 
oratories,  922  N.  4th  St.  (3)  147v 

E.  C.  Read,  Vice  Pres..  Filer  &  Stowell  Co.,  147  East 
Becher  St.  (7)  1884a 

Gene  H.  Stemper,  Vice-Pres.,  T.  H.  Stemper  Co.,  Inc., 
1123  E.  Potter  Ave.  (7)  2071a 

tMartin  S.  Weiss,  Pres.,  Northwestern-Weiss  Mfg. 
Corp.,  1433  N.  Water  St.  (2)  26lv 

Mosinee 

Mosinee  Paper  Mills  Co.,  (N.  S.  Stone,  V.  P.  &  Gen. 
Mgr.)  1380s 


Neenah 

tj.  Burton  Millar,  Chief  Forester,  Kimberly-Clark 
Corp.,  128  N.  Commercial  St.  237v 

tW.  H.  Swanson,  Chief  of  Staff,  Kimberly-Clark  Corp. 

13v 

New  London 

William  S.  Park,  Amer.  Plywood  Corp.  2196v 


Oconto 

Holt  Hardwood  Co.  (D.  S.  De  Witt,  V.  P.  and  Gen. 
Mgr.)  1134s 

Ojibwa 

K.  Baldrige,  Ojibwa  Industries.  Inc.  13l6v 

Oshkosh 

L.  M.  Clady,  Sec.-Mgr.,  Maple  Flooring  Assn..  Box 

678  977v 

fHarold  S.  Crosby,  For.  Prods.  Engr.,  Northern'  Hem¬ 
lock  &  Hardwood  Assn.  3v 

Stanley  T.  Ginsburg,  Mech.  Engr.,  Dearborn  Co.,  178 
Bong  Ct.  2171V 

tMartin  Hawrylow,  349  Hazel  St.  48  Iv 

Pott  Washington 

A.  F.  Cone,  Research  Engr.,  Harnischfeger  Corp., 
Houses  Div.  936v 

Rhindander 

tFolke  Becker,  Pres.  &  Gen.  Mgr.,  Rhinelander  Paper 
Co.  178v 

fKarl  W.  Fries,  Tech.  Dir.,  Rhinelander  Paper  Co. 

179v 

Rhinelander  Paper  Company  (Karl  W.  Fries,  Tech. 
Dir.)  20^s 


Rib  Lake 

Carl  Marschke,  Mgr.,  Gustafson  Lbr.  Co.  1630a 

Rothschild 

Marathon  Corporation,  (D.  C.  Everest,  Pres,  and  Gen. 
Mgr.)  1109s 

Sheboygan 

Elmer  C.  Dickerson,  Pres.  &  Gen.  Mgr.,  Frost  Veneer 
&  Pylwood  Co.,  316  Bell  Ave.  2241v 

Walter  A.  Ellinger,  Owner,  Ellingers,  P.  O.  Box  476 

2122V 

Fred  I.  Johnson,  1640  S.  17th  St.  .  I620v 

Edward  L.  Larson,  Larson  Plywood  Co.,  North  13th 
St.  I190v 

William  H.  Murphy,  Pres.,  Sheboygan  Furn.  Co.,  2024 

N.  13th  St.  1679v 

Sheboygan  Falls 

F.  K.  Bemis,  Pres.,  Bemis  Mfg.  Co.,  304  Broadway 

2091V 

Elmer  A.  Gerber,  Vice-Pres.,  Curt  G.  Joa,  Inc.,  200 
Hillcrest  Ct.  I677v 

Stanley 

James  R.  Bolon,  319 — 6th  Ave.  2131as 

Stevens  Point 

Nelis  R.  Kampenga,  Librarian,  Central  State  Teachers 
College  2223a 

Two  Rivers 

J.  Paul  Ahlbrandt,  Dir.  of  Mfg.,  Hamilton  Mfg.  Co. 

2234v 

Charles  S.  O'Neil,  Hamilton  Mfg.  Co.  2190v 


Superior 

Roderic  J.  Campbell,  Campbell  Lumber  &  Supply  Co., 
1808  Tower  Ave.  1370as 

M.  M.  Sill,  Pres.,  Silvercrest  Industries,  38th  St.  and 
Butler  Ave.  1326v 


Milon  J.  Hutchinson,  Student,  Utah  State  Agricultural 
College,  R.  R.  1  M4las 

Waupun 

Aueust  J.  Zielinski,  Secy.,  Breyer  Bros.,  Whiting  & 
Co.,  E.  Franklin  St.  2093v 

Wausau 

D.  J.  Murray  Mfg.  Co.  (C.  E.  Staky,  Exec.  Vice-Pres. 

&  Gen.  Mgr.).  1002  Third  St.  1987s 

Charles  A.  Mueller,  •  Student,  Michigan  State  College, 
407  S.  Seventh  Ave.  913as 


West  Allis 

C.  Stanley  Leaf,  Allis-Chalmers  Mfg.  Co.,  2238  S. 
80th  St.  1063v 
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ONE  MAN 

completely  controls  all  operations  on  a 
PRESCOTT  SAWMILL  CARRIAGE— 
setting,  dogging,  receding  and  tapering. 

Perfect  lumber  is  manufactured 
^  and  more  of  it. 

A  visit  to  any  of  the  numerous  mills 
using  Prescott  Carriages  will 
convince  you. 

Can  we  send  a  list  of  users? 

THE  PRESCOn  CO. 

^'Modernize  WMi  PrtseoUf' 

Menominee,  Michigan,  U.S.A. 


Lumber  Manufaaurers  and  Tree 
Farmers  of  Both  Hardwood 
and  Pine 

Hardwood  Flooring,  Oak  and 
Pecan  a  Specialty 


OTije  ?Hranta 
dumber  Company 

URANIA,  LA. 


6eta  "TOUCH  POINT"  to  Make  ? 


DIMENSOWOOD 


Packaged  Rough  Dimension 
Mahogany  Dimension 
Core  Stock 

Standard  Lumber  Cores 
Banded  Lumber  Cores 
Special  End>glued  Block  Cores 
for  specialized  applications 

Furniture  Parts 
Rough 

Semi-machined 
Fully  machined 

Laminated  Blocks  and  Blanks 
Curved  Laminates 
Industrial  Wood  Parts 
Turnings 

Plastic-faced  Material 


Why  do  it  the  hard  way?  Gamble  Brother  *  engi¬ 
neered  "wood  parts”  are  the  "natural”  you  have  been 
looking  for. 

Got  a  special  problem?  Is  it  core  stodc,  solid  parts, 
or  curved  or  flat  laminates  in  lumber  or  veneer?  Take 
advantage  of  Gamble  Brothers’  more  than  fifty  years’ 
experience  and  ."wood  know-how”  to  help  you  solve  it. 


Ena^neered  Wood  Parts 
in  Southern  and  Appa¬ 
lachian  Hardwoods  or 
Mahogany. 


MAIN  PLANT:  LOUISVILLE  9,  KENTUCKY  BRANCH:  MONTGOMERY,  ALA. 
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SOUTH  CENTRAL  REGION 


ALABAMA 

Auburn 

Henry  Dorr,  Jr.,  Assoc.  Prof,  of  Forestry,  AU.  Poly. 

Inst.,  Apt.  32-C  Graves  Centre  1648v 

tFrederick  H.  Vogel,  Alabama  Polytechnic  Inst.,  For¬ 
estry  Dept.  26v 

Birmingham 

Reavis  C.  Sproull,  Southern  Research  Inst.,  917  S.  20th 

St.  1030V 

Lewis  C.  Wallace,  Chemist,  Southern  Research  Inst., 

917  So.  20th  St.  (3)  1191v 


Chapman 

tjulian  F.  McGowin,  Secy.,  W.  T.  Smith  Lbr.  Co. 

274v 

W.  T.  Smith  Lumber  Co.  (Julian  F.  McGowin,  Sec.) 

1488s 

Fort  Payne 

N.  B.  Haston,  Lumber  Fabricators,  Inc.,  P.  O.  Box  296 

2004a 


Jasper 

R.  H.  Carr,  Owner,  R.  H.  Carr  Lumber  Co.  I6l4v 
Lockhart 

Henry  A.  Wilson,  Forester,  Jackson  Lumber  Co.  1286v 


MobUe 

J.  R.  Druhan,  Sec.-Treas.,  M.  Phillips  Mfg.  Co.,  Box 
169  (2)  1094v 

tE.  B.  Meyercord,  Meyercord  Compound  Lbr.  Co.,  Box 
506  580v 

tH.  E.  Warren,  Gulf,  Mobile  &-  Ohio  Ry.  Co.,  101 
St.  Francis  St.,  Box  881  (5)  577a 

A.  W.  Williams,  Pres.  &  Mgr.,  A.  W.  Williams 

Inspection  Co.,  Box  314  (3)  441v 

C.  L.  Willis,  V.  P.  gnd  Gen.  Mgr.,  Gulf  Lumber  Co., 
Inc.,  Box  1663  (9)  1185a 


Selma 

J.  F.  Cole,  Mgr.,  Southport  Corporation,  Inc.,  211 
Washin^on  St.  1937v 

George  L.  McLaren,  Southern  Pine  Co.,  P.  O.  Box  255 

2120V 


Tuscaloosa 

fRobert  B.  Fellows,  In  Charge  Sales  Southern  Div.. 

Reichhold  Chemicals,  Inc.,  Box  927  244v 

fAndrew  J.  Snyder,  4811  Cumberland  Rd.  354v 


ARKANSAS 

Crossett 

G.  B.  Alcorn,  Crossett  Chemical  Co.  1059v 

R.  O.  Nason,  Crossett  Chemical  Co.  1060v 

tKenneth  G.  Chesley,  Dir.  of  Research,  Crossett  Lum¬ 
ber  Co.  2v 

fCrossett  Lbr.  Co.  (K.  G.  Chesley),  Research  Labora¬ 
tory  421s 

tLloyd  Lang,  Dev.  Engr.,  Crossett  Lbr.  Co.,  Crossett 
Paper  Mils  479v 

fW.  L.  Lear,  Sawmill  Div.,  Crossett  Lumber  Co.  22v 
tJohn.Er’ Parnell.  Chem.  Eng.,  Research  Dept.,  Cros¬ 
sett  Lumber  Co.  65 6v 

tL.  T.  Sandborn,  Res.  Chem.,  Research  Lab.,  Crossett 
Lumber  Co.  406v 

Ettdora 

Carl  L.  White,  Pres.,  The  Breece  White  Mfg.  Co. 

1347V 

Helena 

E.  N.  Beisel,  Pres.,  Beisel  Veneer  Hoop  Co.,  Inc.. 
Box  123  1353v 

French  R.  McKnight,  Pres.,  McKnight  Veneers,  Inc., 
Box  415  1634v 


Little  Rode 


J.  H.  Hamlen,  Asst.  Mgr.,  J.  H.  Hamlen  &  Son,  Box 
327  1876v 


tFred  H.  Lang,  Div.  of  State  Forestery,  Forestry  & 
Parks  90a 

W.  E.  Tiller,  Pres.,  Tiller  Tie  &  Lumber  Co.,  Inc.. 
M3  Union  Life  Bldg.  I478v 


Mountain  Pine 

Dierks  Lumber  Si  Coal  Co.,  (Frederick  M.  Dierks. 
Exec.  Engr.)  1180s 


Warren 

Bradley  Lumber  Company  of  Arkansas,  (O.  Hilton. 

V.  P.)  1087s 

to.  Hilton,  Vice-Pres.,  Bradley  Lbr.  Co.  of  Ark.  63v 


West  Helena 

John  H.  Stucker,  Gen.  Mgr.,  Pekin  Wood  Products 
Co.  1602V 


KANSAS 
Kansas  City 

Norman  L.  Bailiff,  Mgr.,  Engineering  Research,  Mar- 
ley  Co.,  Inc.,  3001  Fairfax  Road  (15)  1476v 

Lawrence 

tW.  A.  Stacey,  Field  Engr.,  Serv.  Bur.,  A.  W.  P.  A., 
1939  New  Hampshire  499v 

Topeka 

fK.  S.  Belches  Mgr.,  Treating  Plants  System,  A.  T.  & 
S.  F.  Ry.  Co.,  Gen.  Office  465v 

Wichita 

Ralph  M.  Rounds,  Pres.,  Rounds  &  Porter  Lumber 
Co.,  Inc.,  Box  700  642v 

KENTUCKY 

Harlan 

A.  Dale  McMillan,  McMillan  Hardwood  Co.,  Box 
523  1245v 

Henderson 

Douglas  K.  Bland,  1221  Loeb  St.  1078v 

Louisville 

Serge  A.  Birn,  Consulting  Management  Engr.,  224 
Heyburn  Bldg.  (2)  1974v 

fDudley  C.  Carey,  5460  Mitscher  Ave.  2l6v 

Lloyd  £.  Dimond,  Thermex  Div.,  Girdler  Corp.,  2820 
W.  Broadway  (11)  1113v 

C.  D.  Dosker,  Pres.,  Gamble  Bros.,  Inc.,  4601  Almond 
Ave.  (9)  1105V 

Sterling  H.  Durst,  Prod.  Mgr.,  Gamble  Bros.,  Inc., 
4^1  Almond  Ave.  (9)  2043v 

fCharles  R.  Gustafson.  5421  Nimitz  Ct.  4l6a 

Phillips  A.  Hayward,  Mgn.  Dir.,  Hardwood  Dimen¬ 
sion  Mfrs.  Assn.,  230  Heyburn  Bld^  (2)  2073v 

fHarold  C.  Moser,  Vice-Pres.,  Gamble  Bros..  Inc.,  4601 
Almond  Ave.  (9)  29v 

Tinsley  W.  Rucker,  Vice-Pres.,  General  Plywood 
Corp^  3131  W,  Market  St.  (12)  '  1837v 

fLeslie  G.  Sanderson.  American  Cyanamid  Co.,  647V2 
S.  44th  St.  (11)  768v 

H.  C.  Soehner,  Dir.  Res.  St  New  Prod.,  The  Mengel 
Co.,  11th  &  Ormsby  2231v 

John  T.  Thurner,  Wood  Tech.,  Gamble  Bros.,  Inc., 
4601  Almond  Ave.  (9)  2052v 

tR.  F.  Wilder,  l^r..  Res.  &  Quality  Control,  Furni¬ 
ture  Division,  The  Mengel  Co.,  4th  &  Colorado  Sts. 
(1)  250v 


LOUISIANA 


Baton  Rouge 

tRobt.  D.  Short,  Technician,  The  Mengel  Co.  555v 
Bossier  City 

R.  L.  Efurd,  Jr.,  Pres.,  Efurd  Machine  St  Welding 
Co.,  Inc.,  121  E.  Texas  St.  1966v 

De  ^incy 

fRobert  W.  Harding,  Forester,  Newport  Industries,  Inc., 
Box  848  369v 

Newport  Industries,  Inc.,  (Robert  W.  Harding,  For¬ 
ester),  Box  848  1480s 

Fisher 

fP.  A.  Bloomer,  Vice-Pres.,  Louisiana  Long  Leaf  Lbr. 
Co.  106v 

Louisiana  Long  Leaf  Lbr.  Co.,  (P.  A.  Bloomer,  Vice- 
Pres.)  1154s 

Hammond 

fRussell  M.  Alexander,  P.  O.  Box  22  621v 

James  L.  Love  (Pulpwood  Dealer),  205  Toggery  Bldg. 

1605a 

'Hans  Schneider,  Vice-Pres.,  Reimers-Schneider  Co., 
Inc.,  211  W.  Thomas  St.  I636v 

Lake  Cnsules 

R.  E.  Krause.  Secy-Treas.,  Quatre  Parish  Co.,  Inc., 
2323  Shell  Beach  Dr.  1371v 


Minden 

fHenry  L.  Bango,  Consulting  Forester,  P.  O.  Box  145 

585v 

Paul  Miller,  Mgr.,  Looney  St  Miller  Co.,  Route  4 
.  678v 

Monroe 

Walter  E.  Knapp,  Salesman,  Henry  Disston  St  Sons, 
Inc.,  3811  Spurgeon  Dr.  •  2099v 

New  Orleans 

Roswell  D.  Ca^enter,  Forester,  Southern  Forest  Ex¬ 
periment  Station,  Forest  '  Utilization  Service,  1008 
Federal  Bldg.  (12)  1197v 

fWilliam  D.  Durland.  Pres.,  Associates,  Inc.,  4411 
Carondelet  St.  846v 
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LOUISIANA — Cootinued 

H.  L.  Davis,  Gen.  Mgr.,  Davis  Manufacturing  Co., 
1075-8J  S.  Clark  St.  (15)  891a 

Roland  C.  Higgins,  'Mu.,  Wood  Products  Div.,  Hig¬ 
gins,  Inc.,  Station  G  1351v 

tMark  M.  Lebrbas,  For<  Prods.  Tecb.,  So.  For.  Exp. 

SU.,  FUS,  3264  De  Saix  Blvd.  252v 

Ralph  M.  Lindgren,  Senior  PatbologisL  U.  S.  Div.  of 
Forest  Patbology,  1008  Federal  Office  Bldg.  (12) 

1503V 

Cbas.  A.  Murray,  Dist.  Mgr.,  Reicbbold  Chemicals, 
Inc.,  235  International  Trade  Mart,  124  Camp  St. 
(12)  1979V 

Pineville 

H.  J.  Rhodes,  Pres.,  Pineville  Wood  Products  Inc., 
Box  232,  1000,  Melrose  St.  1327v 

Rustoa 

Harold  E.  Gustin,  La.  Poly.  Inst.,  Box  461,  Tech.  Sta. 

981v 

L.  P.  Blackwell,  La.  Poly.  Inst.  1015v 

Shreveport 

Jno.  L.  Avery,  Gen.  Sales  Mgr.,  Frost  Lbr.  Industries, 
Inc.,  715  Commercial  Bldg.,  Box  1125  1880v 

fAlbert  D.  Burk,  Supt.,  American  Lbr.  &  Treating  Co., 
3006  Queensboro  Sta.  699v 

F.  D.  Goodwin,  Works  Mgr.,  Kenrod  Lumber  Co., 

Box  756,  Cedar  Grove  Sta.  1802v 

Charles  H.  Jeter,  V.  P.,  A.  J.  Hodges  Industries,  Inc., 
604  Ardis  Bldg.  971v 

tC.  A.  Perkins,  Technician  &  Asst.  Mgr.,  Wood 
Preservation  Inspection  Dept.,  Mgr.,  Southwestern 
Lab.,  810  Rutherford  (76)  475v 

fMenardWatts,  Supt.,  rrost  Lbr.  Industries,  Inc., 
Box  94  727v 

Tallulah 

M.  B.  Christian,  Chicago  Mill  &  Lbr.  Co.  2l4lv 

Urania 

tQ.  T.  Hardtner,  Pres.  &  Gen.  Mgr.,  The  Urania  Lbr. 
Co.,  Ltd.  133v 

MISSISSIPPI 

Amory 

LeRoy  A.  Holmberg,  Forester,  Gilmore-Puckett  Lum¬ 
ber  Co.,  P.  O.  Box  30  1988v 

Canton 

J.  F.  Haskins,  Dist.  Mgr.,  Borden  Co.,  Chemical  Di¬ 
vision,  106  Liberty  St.  1544v 

George  H.  King,  Jr.,  King  Lumber  Industries  957v 
Femwood 

tW.  T.  Denman,  Jr.,  Vice-Pres.,  Fernwood  Industries 

I  J. 

Jackson 

G.  A.  Huth,  Pres.,  Mississippi  Products.  Inc.  1639v 
fAlbert  A.  Legett,  State  Forester,  Mississippi  For. 

Comm.,  P.  O.  Box  649  (105)  328v 

Laurel 

Robert  M.  Boehm,  Director  of  Research,  Masonite 
Corp.  1108v 

Russell  G.  Knutson,  Res.  Chem.,  Masonite  Corp. 

Perkinston 

fA.  M.  Dantzler,  Vice-Pres.,  L.  N.  Dantzler  Lbr.  Co. 
^  191v 

State  College 

fMonty  A.  Payne,  Head,  Dept,  of  Forestry,  Miss.  State 
College,  Box  385  385v 

MISSOURI 

Colombia 

Kenneth  C.  Compton,  University  of  Missouri,  210 

Whittier  Hall  986v 

R.  H.  Westveld,  Prof,  of  Forestry,  University  of  Mis¬ 
souri,  Whitten  Hall  935v 

Jefferson  City 

fAshby  R.  Powell,  Head,  Research  Sec.,  Mo.  State 
Div.  of  Res.  &  Dev.,  State  Office  Bldg.  211a 

Kansas  City 

fRqy  J.  Butler,  Mgr.,  Wood  Preservative  Sales,  Long 
Mil  Lbr.  Co..  R.  A.  Long  Bldg.  (6)  184v 

P.  C.  Hamm,  Wood  Tech.,  Midwest  Research  Lab¬ 
oratory  460v 

Earl  A.  Hogan,  V.  P.  and  Treas.,  Sitka  Spruce  lom- 
ber  &  Mfg.  Co.),  2500  Genesee  (10)  1386v 

Exchange  Sawmills  Sales  Co.,  (R.  B.  White,  Pres.), 
1111  R.  A.  Long  Bldg.  (6)  1214s 

Ralph  L.  Smith.  Pres.,  Ralph  L.  Smith  Lbr.  Co.,  1635 
Dierks  Bldg.  (6)  l625v 

St.  Louis 

fHurieosco  Austill,  Chief  Engr.,  Terminal  RR  Assoc, 
of  St.  Louis,  357  Union  Station  841v 

Allen  I.  Barr.  1218  Olive  St.  (3)  893v 


fNorvel  G.  Burton,  Kiln  Supt.,  Amer.  Fixt.  &  Mfg. 

Co.,  2300  Locust  Blvd.  308v 

Henry  J.  Dentzman,  3300  Russell  Blvd.  1226v 

Fox  Brothers  Mfg.  Co.,  (Charles  F.  Paul,  Pres.  & 
Gen.  Mgr.),  2717  Sidney  St.  (4)  1075s 

F.  P.  Hankerson,  Exec.  Sec.,  Associated  Cooperage 
Industries  of  America,  Inc.,  408  Olive  St.,  Room  417 

(2)  882 V 

Gilbert  L.  Heitert,  %  E.  L.  Heitert  Co.,  6635  Del- 
mar  Blvd.  (5)  1103v 

fL.  W.  Kistler,  St.  Loui»-San  Francisco  Ry.  Co.,  718 
Frisco  Bldg.  (1)  816v 

fD.  B.  Mabry,  Salesman,  T.  J.  Moss  Tie  Co..  700 
Security  Bldg.  (2)  546v 

fMonsanto  Chem.  Co.  (Robert  W.  Towne),  1700  S. 

2nd  St.  (4)  552s 

tH.  F.  Ostman,  System  Stand.  Engr.,  Union  Elec.  Co. 

of  Mo.,  315  N.  12th  St.  478v 

fLeonard  Perez,  Dist.  Sales  Mgr.,  Wood  Preservation 
Div.,  Koppers  Co.,  Inc.,  1200  Shell  Bldg.  (3)  502v 

James  A.  Roland,  V.  P.,  Fry  Fulton  Lumber  Co., 
148  Carroll  St.  (4)  920v 

fHermann  Von  Schrenk,  509  Choteau  Bldg.,  Choteau 
Ave.  (10)  789v 

W.  B.  McSorley,  Huttig  Sash  &  Door  Co.,  1206  Van- 
deventer  Ave.  1070V 

Wood  Treating  Chemicals  Co.,  (R.  M.  Morriss,  Jr.. 

. 1415s 


V.  P.),  5137  Southwest  Ave.  (10) 


Springfield 

C.  A.  Bissman,  C.  A.  Bissman  Mfg.  Co.,  1300  Poplar 
St.  (2)  2193a 


OKLAHOMA 
Oklahoma  City 

fWilliam  A.  Lyons,  Special  Rep.,  ’  Long  Bell  Lumber 
Co.,  P.  O.  Box  286  723v 

Stillwater 

fEd.  R.  Linn,  Dept,  of  Forestry,  Oklahoma  Agril.  & 
Mech.  College  ,  657v 

Tulsa 

fS.  O.  Jones,  Engr.,  Nelson  Elec.  Mfg.  Co.,  217  N. 
Detroit  St.  862v 


TENNESSEE 

Chattanooga 

Cavalier  Corporation,  (W.  G.  RaouD,  (2)  1499s 

fDr.  Horace  Hall,  Dir.  of  Res.,  Tennessee  Prod.  & 
Chem.  Corp.,  4800  Central  Ave.  (10)  802v 

Hadl^  Jacobs,  Sales  Engr.,  830  Vine  St.  1964v 

William  G.  Raoul,  Cavalier  Corp.,  343  W.  First  St. 
(2)  1003V 

Jackson  * 

fL.  A.  Zimm,  Cent.  Sales  Mgr.,  Amer.  Creosote  Works, 
Inc.,  P.  O.  Box  838  448v 

Knoxville 

tjohn  T.  Lamb,  Vestal  Lbr.  &  Mfg.  Co.,  1800  Lilly 
Ave.  560v 

S.  V.  Minskey,  Sr.,  Asst,  to  Pres.,  Southern  Extract 
Co.,  Box  238  (2)  190v 

D.  M.  Rose  &  Co.  (D.  Morton  Rose,  Jr.),  P.  O.  Box 
478  (4)  1148$ 

John  E.  Rose,  Vice-Pres.,  D.  M.  Rose  &  Co.,  215  Rose 
PI.  444v 

Memphis 

fE.  A.  Behr,  Chapman  Chemical  Co.,  Derman  Bldg. 

(3)  88v 

fE.  L.  Bruce  Co.  (C.  Arthur  Bruce,  Exec.  Vice-Pres.), 
P.  O.  Box  397  231$ 

W.  Jeter  Eason,  Secy-Treas.,  Nickey  Bros.,  Inc.,  2700 
Summer  Ave.  (12)  2229v 

fWalter  H.  Gay,  132  Dille  Place  173v 

Memphis  Hardwood  Flooring  Co.,  (R.  F.  Sharp, 
Mgr.),  1591  Thomas  St.  (10)  1135$ 

L.  Raymond  Harshman,  Forester,  E.  L.  Bruce  Co. 

2090a 

fC.  E.  Miller,  Secy-Mgr.,  So.  Hardwood  Producers. 

Inc.,  805  Sterick  Bldg.  (3)  4l2v 

tOwen  L.  Miller,  Natl.  Hardwood  Mag.,  Memphis 
Lumbermen  Company,  P.  O.  Box  1721  30v 

S.  M.  Nickey,  Jr.,  Vice-Pres.,  Nickey  Brothers,  Inc., 
2700  Summer  Ave.  (12)  l632v 

William  J.  Tomford,  Plant  Eng.,  Cole  Mfg.  Co., 
P.  O.  Box  2657  1667V 

Roy  B.  Peterson,  Consulting  Engr.,  503  So.  Second. 

Box  2573  (2)  1176v 

tHenry  H.  Willins,  Secy.-Treas.,  Natl.  Oak  Flooring 
Mfgrs.  Assn..  814  Sterick  Bldg.  (3)  154v 

Richard  O.  Wilson,  5414  N.  Clover  St.  8^a 
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ROBBINS 
FLOORING  CO. 


HOWARD 

PAPER  MILLS,  INC. 


Manufacturers 

Hardwood  Flooring,  All  Types — 
"Ironbound  Blocks” 


HOWARD  PAPER  CO.  DIVISION 
URBANA.  OHIO 


.CTNA  PAPER  CO.  DIVISION 
DAYTON,  OHIO 


Mills: 

ISHPEMING,  MICHIGAN 


MAXWELL  PAPER  CO.  DIVISION 
FRANKLIN,  OHIO 


REED  CITY,  MICHIGAN 


DAYTON  ENVELOPE  CO.  DIVISION 
DAYTON,  OHIO 


Something  Special 
in  Laminates'^ 

LOOK  TO  PARKWOOO 


PARKWOOD  HI-DEN 

HI'DEN  is  made  from  selected 
woods,  impregnated,  laminated  and 
compressed.  It  is  tough,  dense,  mois* 
ture  resistant,  dimensionally  stable 
and  has  a  low  co-efficient  of  fric¬ 
tion.  Widely  used  in  forming  tools, 
jigs,  textile  machinery  parts, 
knife  handles. 


PARKWOOD  HONEYCOMB 

HONEYCOMB  is  an  impregnated 
paper  core  material  which,  when 
us^  between  veneer,  plastic,  ply¬ 
wood  or  aluminum  sheets  results  in 
a  structurally  strong  panel  of  ex¬ 
tremely  light  weight.  It  may  be  used 
for  both  flat  and  curved  surfaces. 


PARKWOOD  DECORATIVE 

A  beautiful  laminated  plas\tc  with  a  wide  range  of  decorative  applications. 
Available  in  a  variety  of  natural  wood  finishes,  solid  colors  and  designs. 
Used  for  wall  panels,  furniture  tops.  Solvent  resistant  and  cigarette  proof. 


PARKWOOD  CORPORATION 

2  6  Water  Street,  Wakefield,  Massachusetts 


D‘572 
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TENNESSEE— Continued 
Nashville 

Horace  E.  Hall,  Dir.  of  Res.,  Tennessee  Prod.  & 
Chem.  Corp.,  Amer.  National  Bank  Bldg.  (})  liOOs 
W.  Lipscomb  Davis,  Pres.  Davis  Cabinet  Co..  90)  So. 

Fifth  St.  (6)  1567V 

Stanley  F.  Horn,  Jr.,  Man.  Ed.,  The  Southern  Lum¬ 
berman,  917  Berryhill  Street  (3)  2l85v 

tCarl  McFarlin,  Pres.,  Tennessee  Prod.  &  Chem.  Corp. 

801a 


Norris 

William  N.  Darwin,  Chief,  For.  Utiliz.  Sec..  Forestry 
Relations  Div.,  Tenn.  Valley  Authority  2032v 

tWilliam  W.  Jolly,  Forester,  Tennessee  Valley  Au- 
thority.  Box  133  826v 

tE.  G.  Wiesehuegel,  Investigations  Div.,  Tennessee  Val¬ 
ley  Authority,  Box  196  579v 

Sparta 

R.  G.  Fulcher,  Manufacturer-Dimension  Stock,  Box 
239  1686v 

Sweetwater 

tDavid  D.  Browder,  Cherokee  Wood  Pres.  Co.,  Box 
168  728v 

Wattmce 

Harley  L.  Burnett,  Mgr.,  Wartrace  Office,  Midwest 
Walnut  Co.  1374v 


TEXAS 

Beaumont 

tj.  R.  Keig,  Mgr.,  Tie  Dept.,  Kirby  Lbr.  Co.,  Box 
1852  370v 

Chireoo 

T.  O.  Sutton  &  Sons,  (J.  W.  Sutton,  Mgr.),  Box  25 

1339s 

Conroe 

tF.  M.  Hanes,  Plant  Supt.,  Conroe  Creosoting  Co.. 
P.  O.  Box  109  454v 


Galveston 

tP.  B.  Mayfield,  Int.  Creosoting  &  Constr.  Co.,  2205V^ 
Strand  St.  82  Iv 

Houston 

tJ.  B.  Baird,  Dist.  Mgr.,  Southwestern  Laboratories, 
P.  O.  Box  175  388v 

tH.  H.  Blair,  Chief  Draftsman.  Texas  &  New  Orleans 
Ry.  Co.,  916  Southern  Pacific  Bldg.  (2)  842a 

fNathan  D.  Canterbury,  Cons.  Forester,  1612  Ruth  St. 

(4)  95a 

fl.  R.  Palmer,  Gen.  Mgr.,  Foster  Lumber  Co.,  P.  O. 

Box  1326  (1)  189v 

fB.  M.  Stephens,  Asst,  to  Chief  Engr.,  Texas  &  New 
Orleans  lly.  Co.,  916  Southern  Pacific  Bldg.  (1) 

531v 

Kingsville 

fE.  L.  Mason,  Bridge  &  Bldg.  Supervisor,  Mo.  Pac. 
R.  R.  Co.  508v 

Lufkin 

Paul  R.  Kramer,  Tech.,  Texas  Forest  Service,  726 
Hoskins  Dr.  2070v 

Robert  A.  McKay,  Dept,  of  Forest  Products,  Texas 
Forest  Service  1452a 

E.  D.  Marshall,  Texas  Forest  Service,  Box  460  1123v 

tC.  H.  Sprott,  Chief  Forester,  Southland  Paper  Mills, 
Inc.,  Box  149  363v 

Orange 

tH.  S.  Peterson.  Pres.,  Texas  Creosoting  Co.,  Box  131 

207V 

tM.  A.  West,  Supt.,  Texas  Creosoting  Co.,  P.  O.  Box 
823  462v 

San  Antonio 

tWm.  C.  Church,  Pres.,  Natl.  Creosote  Co.,  904  Majes¬ 
tic  Bldg.  (5)  500v 

Waco 

Wm.  Cameron  &  Co.  (Frank  F.  Stevens,  Exec.  V.  P. 
and  Gen.  Mgr.),  2400  Mary  St.  1291s 


NORTHWEST  REGION 


ALASKA 

Ketchikan 

Ketchikan  Spruce  Mills,  (Milton  J.  Daly,  Pres.)  1215s 
ALBERTA 

Fellows,  Chief  Forester,  Eastern  Rockies  Forest 
Conservation  Board,  Calgary  Public  Bldg.  697v 

BRITISH  COLUMBIA 
Bloedel 

tA.  V.  Backman,  Engr.,  Bloedel,  Stewart  &  Welch, 
Ltd.  359v 

Chemainus 

Edwin  R.  McDonald,  Utilization  Surveys,  Victoria 

Lumber  Co.,  Ltd.  953v 

Giscome 

A.  Roy  Spurr,  V.  P.  and  Mgr.,  Eagle  Lake  Sawmills, 
Ltd.  1420v 

Kamloops  ' 

A.  H.  Gillmor,  Mgr.,  155  St.  Paul  St.  144 5v 

New  Westminster 

tJ.  M.  Gurd,  Vice-Pres.,  Timber  Preservers,  Ltd.  847v 
Paul  Heller,  Tech.  Mgr.,  Pacific  Pine  Co.,  Ltd.  1973v 
George  T.  Johnson,  Gen.  Mgr.,  Tru-Fit  Millwork  Co., 
2950  Beresford  St.  1950v 

William  M.  Mathews,  Chem.,  Canadian  For.  Prod. 

lid.,  Box  1040  '  I696v 

Canadian  Forest  Products  Ltd.  (John  G.  Prentice. 

Vice-Pres.  and  Secy.),  Foot  Braid  St.  1716s 

Norman  C.  ^ringat^  Asst.  Supt.,  Canadian  For. 
Prod.  Ltd.,  Foot  of  Braid  St.  1714v 

Pott  Alberai 

fC.  B.  Dunham,  Chief  Engr.,  Bloedel,  Stewart  &  Welch, 
Ltd.,  1  Dunbar  St.  360v 

tJ.  S.  Mottishaw,  Chief  For.,  Bloedel,  Stewart  & 
Welch,  lid.,  P.  O.  Box  650  361 v 

tC.  Y.  Robson,  Res.  Mgr.,  Bloedel,  Stewart  &  Welch. 
Ltd.,  1  Dunbar  St.  298v 

Powell  River 

Powell  River  Co.,  Ltd.,  (H.  Andrews,  Tech.  Dir.) 

1220s 

Vancoover 

Harvey  M.  Anderson,  Student,  University  of  British 
Olumbia,  1412  E.  37th  Ave.  1506as 


tLeonard  R.  Andrews,  Secy-Mgr.,  Brit.  Col.  Lbr.  Mfg’s. 

Assn.,  718  Metropolitan  Bldg.,  Hastings  St.  126v 
tjohn  B.  Armstrong,  Sales  Engr.,  Western  Plywood 
Co.,  Ltd.,  900  East  Kent  Ave.  348v 

Hugh  G.  Bancroft,  Student,  Univ.  of  B.  C.,  4606  W. 

7th  Ave.  181  las 

John  Bene,  Western  Plywood  Co.,  Ltd.,  900  E.  Kent 
Ave.  1066v 

fPrentice  Bloedel,  Pres.,  Bloedel,  Stewart  &  Welch, 
Ltd.,  904  Standard  Bldg.  215v 

Bloedel,  Stewart  &  Welch,  Ltd.,  (Prentice  Bloedel. 

Pres,  and  Treas.),  904  Standard  Bldg.  1316s 

British  Columbia  Lumber  Mfgrs.  Assoc.,  (L.  R.  An¬ 
drews,  Sec.-Mgr),  837  W.  Hastings  St.  1178s 

fRoscoe  M.  Brown,  Supt.,  For.  Prod’s.  Lab.,  Univ.  of 
B.  C.  267v 

tWilliam  J.  Burgon,  Can.  For.  Prod.  Ltd.,  1304 
Standard  Bldg.,  510  W.  Hastings  St.  860v 

tjohn  N.  Burke,  Secy-Mgr.,  B.  C.  Loggers’  Assn.,  1518 
Standard  Bldg.  288v 

Ernest  W.  Wellwood,  Student,  Univ.  of  B.  C.,  4027 
West  15th  Ave.  1863as 

tFrederick  W.  Guernsey,  For.  Prod.  Engr.,  For.  Prod. 

Lab.,  Univ.  of  B.  C.  839v 

George  R.  Hackett,  Pres.,  Robertson  &  Hackett  Saw¬ 
mill  Co.,  Ltd.,  1550  Granville  St.  201v 

Stanley  L.  Harris,  Asst.  Mgr.,  Monsanto  (Canada) 
Ltd.,  Granville  Island  1748v 

tG.  D.  Humphrey,  Asst.  Mgr.,  B.  C.  Pulp  &  Paper 
Co.,  Ltd.,  602  W.  Hastings  St.  187v 

Earl  King,  Sec.-Treas.,  Assn,  of  Canada,  Western 
Lumber  Mfrs.,  904  Credit  Foncier  Bldg.  1376v 

tF.  Malcolm  Knapp,  Prof,  of  Forestry  &  Dir.  of  Univ. 

Forests,  Univ.  of  B.  C.  840v 

tjohn  E.  Liersch,  Forest  Engr.,  Powell  River  Co.,  Ltd., 
Standard  Bldg.  279v 

tClark  F.  McBride,  For.  Prod.  Engr.,  For.  Prod.  Lab.. 

Univ.  of  B.  C.  838v 

James  A.  McIntosh,  Student,  Univ.  of  B.  C.,  4362 
W.  Second  Ave.  1840’5 

MacMillan  Industries,  Ltd.,  Plywood  Division  (H. 

W.  Peck.  Ch.  Chem.).  Box  340  1599s 

D.  L.  McMullan,  Forester,  B.  C.  For.  Prod.  Ltd.. 

995  W.  Sixth  Ave.  I678v 

S.  E.  Maddigan,  Dir.,  B.  C.  Res.  Council,  Univ.  of 
B.  C.  19)6v 

J.  G.  MacDonald,  Sales  Engr.,  Natl.  Mach.  Co.,  Ltd., 
Granville  Island  2037a 

A.  Harris  Mitchell.  Assoc.  Ed..  Western  Pulp  &  Paper 
Magazine,  1040  W.  Pender  St.  1972a 
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lUMUR  IDOI-BONDINO — It’s  being  done  on  a  continuous 
basis  with  this  Thermex-equipped  press.  Remarkably  fast 
production  is  achieved  at  remarkably  low  cost.  Operator  at 
right  loads  press.  Operator  at  left  removes  bonded  panels. 
Inset:  Panel  just  off  the  press. 


MOLOID  PLYWOOD— Thermex  high  frequency  heating  ap¬ 
paratus  simplifies  curved  lamination.  Glue  lines  are  cured 
and  shape  is  set  in  the  press  during  a  short  heating  cycle. 
The  extremely  short  radius  curve  here  in  work  was  formerly 
impossible.  Inset:  Shows  end-use  of  this  curved  piece  on 
new  design  piano. 


MNIL>TO-FRAMI  DONDINO — With  high  frequency  heat 
from  a  Thermex  unit,  this  job  is  done  in  the  press  during  a 
heating  cycle  of  one  minute  or  less.  No  need  to  clamp,  stack, 
or  store  panels  for  curing.  Inset:  Finished-panel  is  strong, 
straight,  equal  to  solid  construction,  but  decidedly  cheaper 
to  make. 


ASSIMBLY — Thermex  high  frequency  heating  apparatus 
here  reduces  cost  of  attaching  tops  to  television  receiver 
cabinets.  This  installation  uses  one-tenth  the  floor  space  re¬ 
quired  with  cold-clamping  methods — and  one-tenth  the  fix¬ 
tures.  Inset:  A  finish^  cabinet  after  top  has  been  bonded 
securely  into  place  with  high  frequency  heat. 


FREQUENCY 


HIGH 


Mark  of  successful  applications 

and  Inslallalions 

/ 

The  profit-saving  advantages  of  high  frequency  heat  on  various  wood-glue 
jobs  have  been  proved  and  proved  again  by  many  Thermex  installations. 
More  Thermex  high  frequency  heating  apparatus  is  serving  the  wood¬ 
working  U.S.A.  than  any  other  make.  For  the  true,  practical  facts  about 
this  modem  woodworking  tool,  communicate  with  . . . 

THI  GIRDUR  CORPORATION,  THIRMIX  DIVISION,  LOUISVILU  1,  KY. 

,  TmmtSKX.—T.  M.  Rit- U.  S.  Pat.Of- 
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BRITISH  COLUMBIA— Continued 

Philip  L.  Northcott,  For.  Engr.  &  Forester,  P.  L. 

Northcott  P.  Eng..  4772  Narvaez  Drive  _^538a 
H.  W.  J.  Peck.  Research  Chemist  in  Charge  of  Engrg. 

Drat..  McMillan  Industries,  Ltd.,  Box  }40  .  917v 

tA.  B.  Recknagel.  Prof..  Dept,  of  Forestry,  Univ.  of 
B.  C. 

Leslie  F.  Schaffer,  Western  Plywood  Co.,  Ltd.,  900 
E.  Kent  Ave.  ^  ^  1067v 

Charles  D.  Schulte.  C.  D.  Schulte  &  Co..  Ud..  325 
Howe  St.  ' 

J.  H.  G.  Smith,  Student,  Univ.  of  B.  C.,  4326  W. 
Eighth  Ave. 

tS.  G.  Smith,  Vice-Pres.,  Bloedel,  Stewart  &  Welch, 
Ltd.,  S>04  ^ndard  Bldg.  ,  _  - 

John  M.  Steedman,  Student,  Univ.  of  B.  C.,  5510 
Fairview  Ave..  University  Hill 
tDr.  Albert  B.  Steiner.  Tech.,  Mgr.,  Alaska  Pine  Sales 
Co.  Dd.,  401  Marine  Bldg.  ,  ^  797v 

tRobt.  W.  Wellwood,  Assoc.  Prof.,  Dept,  of  Forestry. 

University  of  British  Columbia 
H.  V.  Whittall,  Mgr.,  Canadian  Forest  Products,  Ud.. 

9110  Milton  St.  ,,  ,  1288a 

David  A.  Wilson.  Asst,  to  Forester,  Alaska  Pine  Sales 
Dd.,  4703  W.  7th  Ave.  2115a 

Victoria  ^  ^  , 

tBritish  Columbia  Forest  Service  (C.  D.  Orchard,  Chief 
Forester)  .  _.®9s 

tArchibald  S.  Kerr,  Wood  Utiliz.  Mgr.,  Manning  Tim¬ 
ber  Prod.  Ltd.,  1910  Store  St.  61 5v 

F.  A.  E.  Manning,  Pres.,  Manning  Logging,  Ltd.,  P.  O. 

Box  488  _  ,  „  ^ 

fM.  F.  Smith,  %  Sidney  RooBng  8c  Paper  Co.,  Ltd. 

44  5 V 

Willow  River 

tR.  A.  Winters,  Lumberman.  Willow  River  Sawmills 

349v 

IDAHO 

^!*W.  Shellworth,  Owner-Mgr.,  Portable  Lumber  Co.. 

300  E.  Bannock  2068v 

Crouch 

James  E.  Storms.  Sawmill  Supt.,  Portable  Lumber  Co., 
P.  O.  Box  85  '  1977V 

Lewiston 

H.  Z.  White,  Res.  Engr.,  Potlatch  Forests  Inc.  1089v 
Potlatch  Forests,  Inc.  (H.  Z.  White,  Res.  Engr.)  1617s 
McCall 

Warren  H.  Brown,  Vice-Pres.,  Brown’s  Tie  &  Lumber 
Co.  1954v 

Moscow 

fEverett  L.  Ellis,  Asst.  Prof,  of  Forestry,  Univ.  of  Idaho. 
School  of  Forestry  275v 

Sc.  Maries 

L.  R.  Pugh,  Pres.,  The  St.  Maries  Lumber  Co.,  Box 
3  924v 

Sandpoint 

D.  L.  Haynes,  Pack  River  Lumber  Co.,  Box  510  989v 

Pack  River  Lumbet  Co.  (D.  L.  Haynes,  Chem.  Engr.), 
Box  510  1600s 

tjohn  L.  Timm,  Forester,  Idaho  Pole  Co.,  Box  128 

341a 

Weiser 

A.  V.  Kinney,  Mgr.,  Produce  Containers,  Inc.  1766v 

MONTANA 

Bonner 

Melvin  M.  Madsen,  Dry  Kiln  Supt.,  Anaconda  Copper 
Mining  Co.,  Box  555  1796v 

Kalispell 

tEmil  A.  Anderson,  Asst.  State  Forester,  627  Second 
Ave.,  E.  67v 

Lawrence  E.  O’Neil,  Mgr.,  Forest  Products  Co.,  6l 
First  Ave.  N.  E.  I608v 

Ubby 

Richard  P.  Neils,  J.  Neils  Lumber  Co.  1073v 

Missoula 

fl.  V.  Anderson,  Chief,  No.  Rocky  Mt.  For.  Expt.  Sta.. 

FUS  677v 

Kenneth  P.  Davis,  Dean,  School  of  Forestry,  Montana 
State  Univ.  I924v 

Aaron  Modansky,  Secy-Treas..  Sherdave  Lbr.  Co.,  Inc.. 

1632  Russell  St..  Box  903  1775v 

Lincoln  A.  Mueller.  Forester,  No.  Rocky  Mt.  For. 

Erat.  Sta.,  FUS.  Federal  Bldg.  1999v 

tT.  C.  Spaulding.  Prof,  of  For.  Utiliz..  Montana  State 
Univ..  School  of  Forestry  54v 


OREGON 
Adair  Village 

Chester  D.  Davis,  Student,  Oregon  State  College,  B4. 

Apt.  4  2028as 

Gerard  F.  Horne,  Student,  Oregon  State  College.  D-13. 

Apt.  2  2226as 

John  W.  Mangan,  Student,  Oregon  State  College,  C- 
16,  Apt.  3  2049a 

Robert  G.  Norton,  Student,  Oregon  State  College, 
B-23.  Apt.  10  1440as 

Albany 

Marx  Hyatt,  Pres.,  Standard  Pole  &  Piling  Co.,  Box 
282  U4lv 

Ashland 

John  C.  Collins,  Owner-Mgr.,  Ashland  Lumber  Co., 
384  Oak  St.  1403v 

Baker 

Oregon  Lumber  Co.  (A.-C.  Lighthall,  Jr.),  Drawer 
391  1194s 

Bandon 

John  F.  Kronenberg,  Lumberman,  Krone'nberg  Logging 
Co.,  Box  461  2223v 

Bradwood 

Lester  J.  Harding.  Gen.  Mgr.,  Columbia-Hudson  Lum¬ 
ber  Co.  I402v 

Coos  Bay 

Carl  A.  Lile,  Owner,  Lile  Lumber  Co.,  Rt.  2,  Box 
91-B  1902V 

tjohn  G.  Meiler,  Coos  Bay  Lumber  Co.,  Bunker  Hill 

131v 

tGeo.  J.  Merten,  Engr.  Be  Lab.  Dir.,  Evans  Products 
Co.  358v 

Corvallis 

tWm.  J.  Baker.  Oregon  Forest  Prod.  Lab.,  17th  &  May 
Sts.  Iv 

C.  Dw^ne  Blakney,  Student.  Oregon  State  College, 
1971  Taylor  St.  1524u 

Don  Burnet,  Student,  Oregon  State  College,  406 

Adams  St.  2066as 

William  -  H.  Carlson,  Oregon  State  College  Library 

998a 

Ralph  L.  Dichter,  Student,  Oregon  State  College,  Box 
395,  Route  1  2024as 

Paul  M.  Dunn,  For.  Res.  Found.  School  of  Forestry, 
Oreg.  State  College  1058v 

Leif  D.  Espenas,  Oregon  Forest  Products  Laboratory, 
17th  &  May  Sts.  llllv 

fRobert  D.  Graham,  Wood  Tech.,  Oregon  Forest  Prod. 

Ub.  639v 

tjohn  B.  Grantham,  Assoc.  Prof,  of  Wood  Products, 
Oregon  State  College,  School  of  Forestry  188v 

James  M.  Holden,  Student,  Oregon  State  College,  853 
Harrison  St.  l670as 

Dalton  D.  Johnson,  Jr.,  Student,  Oregon  State  College. 

1357  Harrison  St.  1532as 

fErvin  F.  Kurth,  210  Industrial  Bldg.,  Oregon  State 

College  43v 

Verne  O.  Larsen,  Field  Engr.,  Monsanto  Chemical  Co. 

(Western  Div.),  P.  O.  Box  567  1852v 

fMortimer  D.  Macdonald,  Wood  Tech.,  Oregon  For¬ 
est  Prod.  Lab.  824v 

Patrick  V.  McKeown,  Student.  Oregon  State  College. 

402  N.  16th  St.  2018as 

fPhimister  B.  Proctor,  Tech.  Dir.,  Oregon  Forest  Prod. 

Lab.,  Oregon  State  College  132v 

James  C.  Sarvis,  Student,  Oregon  State  College,  2ii 
^  N.  14th  St.  *2l45as 

tjames  D.  Snodgrass,  Instr.  in  Wood  Products,  Oregon 
State  College,  School  of  Forestry  185v 

tGordon  Eugene  Tower,  Res.  Engr.,  Chapman  Mfg.  Co., 
1363  Van  Buren  St.  548v 

Richard  L.  Warren,  Student,  Oregon  State  College. 

1747  N.  9th  St.  2067as 

fW.  I.  West,  Asst.  Prof,  of  Wood  Products,  Oregon 
State  College,  School  of  Fores^  193v 

tHugh  E.  Wilcox,  Res.  Wood  lech., ‘Oregon  Forest 
Prod.  Lab.._  Oregon  State  College  102v 

Wyman  Williams,  Jr..  Student.  Oergon  State  College. 

Room  31.  Central  Hall  O.  S.  C.  1995as 

Lyle  D.  Winkel,  Student,  Oregon  State  College.  326 
N.  _  4th  St.  2040as 

Fredrick  W.  Winsor,  Student,  Oregon  State  Colleee. 
759  Monroe  Courts  1554v 

Creewell 

Mrs.  Harry  Holt,  Partner,  Holt  Lumber  Co.  1422a 

Dallas 

James  L.  Overholser,  Student,  Oregon  State  College. 
Route  2,  Box  112  2174as 

Dayton 

James  L.  Gilkey,  Student.  Oregon  State  College,  R.  1. 
Box  128  1394as 
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Northern  Hardwood 
Lumber 


•v^ 


sown  from  Michigan's  finest  hard* 
woods— cut  full  and  even. 

CONSULT  US  ON  YOUR  NEEDS 


W«  Supply  Tromsit  Mill-Work 
Sonrico — ^With  Quick  Handling 


Michigan  Pole  6t  Tie  Co. 

Northern  Hardwoods  and  Softwoods 

NEWBERRY.  MICHIGAN 


INDIAN  ,ViU 

Speed  up  your  fire  fighting  with  the  world 
iomeus  imiAM  FUtE  PUMPS  which  put  firee  out 
oe  fast  cw  a  men  con  walk.  Pump  throws  30  to 
40  H.  preuure  atream  or  noaale  inatantly  ad- 
iuata  to  strong  aproy. 

Big  mat  prooi  S-gal.  tank  holds  enough  water 
or  wetting  agent  to  take  care  ei  the  orerage 
fire  without  refilling. 

Check  your  equipment  now  I  Be  sure  it  includes 
plenty  of  INDIAN  FIRE  PUMPS.  Each  one  yoil 
add  multiplies  your  fire  fighting  power. 


Send  for  Latest  Catalog 


0.  B.  SMITH  &  CO. 


408  Main  St. 
UTICA  2.  N.Y. 


WOODLIFE 

Containing  PENTACHLOROPHENOL 


7^  ^omfiietc 


mi 

LIFE 


Consult  our  laboratory 
on  your  wood 
preservation  problems 


Guards  wood  products  against — 

•  Swelling 

•  Shrinking 

•  Warping 

•  Chedcing 

•  Grain  Raising 

Protects  wood  products  against — 

•  Fungus-Decay  (rot)  and  Stain 
'  •  Termites 

•  Carpenter  Ants 

•  Lyctus  Beetles 

Protection  Products  Mfo.  Go. 


Mfrs  of  .CHEMICAl  PRESERVATIVES  Since  1921 


kAI4ZOO.  miCH. 
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OREGON — Continued 
Eugene 

fred  M.  Brenne,  Mgr.,  Eugene  Chamber  of  Commerce, 
2}0  E.  Broadway  1706a 

tH.  J.  Cox,  Pres.,  Oregon  Forestry  Research  Founda¬ 
tion,  P.  O.  Box  1192  66v 

Donald  F.  Hill,  Simpson  Logging  Co.,  P.  O.  Box  10)1 

1990V 

tEliot  H.  Jenkins.  Exec.  Vice-Pres.,  Booth-Kelly  Lbr. 
Co.,  Box  1112  )18v 

Leonard  Nystrom,  Pres..  Associated  Plywood  Mills. 

Inc.,  P.  O.  Box  672  1868v 

J.  A.  Overgard,  American-Marietta  Co.,  SODVi  River 
Rd.  1142V 

fKenneth  Wylie,  West  Coast  Rep.,  Bauer  Bros.  Co.. 

P.  O.  Box  1164  7l0v 

Forest  Grove 

Stimson  Lumber  Co.,  (Harold  A,  Miller,  V.  P.  & 
Gen.  Mgr.),  Box  68  1400$ 

Glenwood 

Roy  A.  Gould,  Pres,  and  Gen.  Mgr.,  Atlas  Logging 

Co.  1280>' 

Grants  Pass 

Edward  M.  McAlvage,  Gen.  Mgr.,  Pacific  Wood  Prod-' 

ucts  Co.,  975  East  F.  St.  1788v 

Jewell 

Jack  E.  Grant,  Forester,  Crown  Zellerbach  Corp.,  Els  e 
Route  2002v 

Klamath  Falls 

Robert  E.  Thompson,  Student,  Oregon  State  College. 
1234  Pacific  Terrace  2006as 

Lakeview 

American  Box  Corp.  (P.  M.  Cowbrough),  Resident 

Manager)  I6l6s 

A.  B.  McPherson,  1224  S.  First  St.  1393as 

Lebanon 

Douglas  S.  Smith,  Student,  Oregon  State  College,  1561 
Franklin  St.  2050as 

Curt  Uschmann,  Engineer,  Cascades  Plywood  Corpora¬ 
tion  1321a 

Medfocd 

tGeorge  C.  Flanagan,  Vice-Pres.  &  Mgr.,  Elk  Lumber 
Co.,  P.  O.  Box  606  247v 

Floyd  Hart,  Pres.,  Timber  Products  Co.,  P.  O.  Box 
152  1753v 

C.  H.  Herman,  Student,  Oregon  State  College,  631 
West  Jackson  St.  1389as 

B.  L.  Nutting,  Mgr.,  Medford  Corp.  1642a 

Herbert  C.  Sampert,  Prod.  Mgr.,  Elk  Lumber  Co 

P.  O.  Box  606  1752V 

Milwaukie 

Edward  J.  Kirkpatrick,  Student,  Oregon  State  College. 

2800  Washington  St.  198)as 

tReginald  T.  Titus,  Exec. -Secy.,  Western  Forest  Indus¬ 
tries  Assn.,  606 — 37th  St.  759v 

Myrtle  Creek 

fClark  C.  Van  Fleet,  Fir  Manufacturing  Co.  254v 

Sam  A.  Warg,  Forester,  Fir  Manufacturing  Co.  1805:* 
North  Portland 

tjoseph  I.  Steel,  Secy.,  Moore  Dry  Kiln  Co.  339v 

Philomath 

Harold  J.  Raphael.  Student,  Oregon  State  College. 

%  Martin— R.F.D.  2  1715as 

Portland 

tArthur  B.  Anderson.  Rt.  9,  Box  968  239v 

fRobert  E.  Baker,  Vice-Pres.,  Sunset  Logging  Co.,  907 
Failing  Bldg.  (4)  266v 

Clay  Brown.  Pres.,  Clay  Brown  &  Co.,  1111  U.  S. 

Natl.  Bank  Bide.  (4)  1287v 

fHenry  L.  Burns,  Chem.  Engr.,  1825  N.  E.  102nd  Ave. 

(16)  584v 

Cascade  Pacific  Lumber  Co.,  (John  J.  Helm,  Mgr.), 
319  Pacific  Building  (4)  1181s 

Cascades  Plywood  Corp.  (Charles  W.  Fox,  Vice-Pres.). 

1016  Public  Service  Bldg.  (4)  1628s 

tTruman  W.  Collins,  Pres.,  Collins  Pine  Co.,  909  Ter¬ 
minal  Sales  Bldg.  324v 

fTheodore  C.  Combs.  Vice-Pres.  Sales,  Timber  Struc¬ 
tures,  Inc.,  P.  O.  Box  3782  (8)  630v 

fFranklin  W.  Cook,  1960  N.  W.  Lovejoy,  Court  No.  3 

424v 

George  F.  Cornwall.  Mana«»ing  Ed.,  The  Timberman. 

519  S.  W.  Park  Ave.  (10)  2183a 

tGordon  N.  Coward,  Jones  Lumber  Co.,  5500  S.  W, 
Macadam  Ave.  -  534v 

fEvirett  G.  Drew.  Drew  Engrg.  Co.,  809  N.  E.  Lom¬ 
bard  St.  15''v 

Eueei’e  D.  Farley.  517  Dekum  Bldg.,  519  S.  W. 
Third  Ave.  1031v 


R.  B.  Fehren,  Vice-Pres.  Sales,  Timber  Structures, 

Inc.,  Box  3782  1596v 

Firpine  Products  Co.,  (R.  A.  Holmes,  Partner),  525 
Corbett  Building.  1152s 

Forest  Products  Treating  Co.,  (W.  E.  Doan,  General 
Mgr.),  541  Pittock  Block  (5)  1195s 

C.  W.  Fox.  Cascades  Plywood  Corp.  1050v 

Bernard  K.  Frank,  Export  b^r..  Pacific  Export  Lum¬ 
ber  Co.,  1010  U.  S.  Bank  Bldg.  (4)  1897v 

tj.  Alfred  Hall,  Dir.,  Pac.  NW  For.  Expt.  Sta.,  423 
U.  S.  Courthouse  (5)  746v 

fRay  C.  Hansen,  Mgr.,  National  Tank  &  Pipe  Co., 
2301  N.  Columbia  Blvd.  (3)  7C0v 

tJ.  I.  Hess,  Chief  Engr.,  Forest  Prods.  Treating  Co., 
541  Pittock  Block  (5)  464v 

tEdgar  P.  Hoener,  Business  Mgr.,  The  Timberman, 
519  S.  W.  Park  St.  (5)  347v 

H.  Y.  Kato,  Mgr.,  West  Coast  Orient  Co.,  201  N.  W. 

Second  Ave.  (9)  1883a 

John  E.  Kelly,  Student,  Oregon  State  College,  9139 
N.  Hodge  Ave.  (3)  1533as 

tA.  C.  Knauss,  Wood  Tech.,  U.  S.  Forest  Service, 
423  U.  S.  Courthouse  713v 

fArthur  Lahey,  Pacific  Coast  Sales  Mgr.,  Interlake 
Chemical  Corp.,  1720  S.  W.  Harbor  Dr.  (1)  670v 

tEdward  G.  Locke,  Chief,  FUS,  Pac.  N.  W.  For.  & 
Range  Expt.  Sta.,  423  U.  S.  Court  House  (5)  16v 

W.  E.  Lockwood,  Owner,  Lockwood  Wood  Products. 

321  Pacific  Bldg.  (4)  1300v 

tL.  E.  Long,  Div.  Mgr.,  Amer.  Cross  Arm,  Inc.,  P.  O. 

Box  1256  458v 

tFoster  Luce,  Box  365  (7)  257v 

A.  R.  Lundeen,  Dant  &  Russell,  Inc.,  1108  U.  S. 

National  Bank  Bldg.  (4)  1047v 

tWard  Mayer,  Pres.,  Timber  Structures,  Inc.,  P.  O. 

Box  3782  (8)  627v 

fThomas  R.  Miles,  Consulting  Engr.,  Terminal  Sales 
Bldg.  (5)  395v 

tEarl  C.  Myers,  Dir.  of  Res.,  The  Wooden  Box  In¬ 
stitute,  7733  S.  E.  13th  Ave.  (2)  381v 

National  Tank  &  Pipe  Co.  (Ray  C.  Hansen,  Mgr.), 
2301  No.  Columbia  Blvd.  (3)  1173s 

J.  Neils  Lumber  Co.,  (Paul  Neils,  Pres.)',  1300  Amer¬ 
ican  Bank  Bldg.  (5)  1466s 

tPaul  Neils,  Pres.,  J.  Neils  Lbr.  Co.,  1300  Amer.  Bank 
Bldg.  (5)  493v 

tChester  W.  Ott,  Mgr.  Treating  Div.,  West  Oregon 
Lumber  Co.,  P.  O.  Box  6106  (9)  634v 

W.  I.  Petterson,  Building  Contractor,  2155  S.  W. 

Sunset  Dr.  (1)  1908v 

fE.  H.  Polk,  Purchasing  Agent,  So.  Pacific  Co.,  824 
Pacific  Bldg.  (4)  564v 

tJ.  F.  de  Pomeroy,  Box  362  702a 

tCarl  A.  Rasmussen.  Res.  Engr.,  Research  Lab.,  Western 
Pine  Assoc.,  7733  S.  E.  13th  Ave.  (2)  457v 

tR.  H.  Rawson,  Consulting  Timber  Engr.,  1206  Yeon 
Bldg.  123v 

tLionel  Ray,  Pres.,  Columbia  Door  Co.,  4701  S.  E. 

24th  Ave.  (2)  307v 

C.  W.  Richen,  Crown  Zellerbach  Corp.,  1400  Public 
Service  Bldg.  (4)  925v 

tCharles  E.  Rozema,  NW  Rep..  Resinous  Prod.  & 
Chemical  Co.,  1004  Amer.  Bank  Bldg.  (5)  747v 

tH.  S.  Sackett,  Managing  Partner,  Wood  Products  Co., 
1015  Amer.  Bank  Bldg.  (5)  127v 

Lyle  W.  Salquist.  Chapman  Chemical  Co.,  417  Ter¬ 
minal  Sales  Bldg.  (5)  220^ 

L.  N.  Skalley,  Auditor,  Brownsville  Timber  Co.,  336 
Pacific  Bldg.  (4)  1698a 

Q.  A.  Smith,  Log  Buyer,  Western  Cooperage,  Inc., 
630  American  Bank  Bldg.  (5)  1578v 

fEdward  P.  Stamm.  Logging  Mgr.,  Crown  Zellerbach 
Corp..  1400  Public  Service  Bldg.  (4)  729v 

tAlbert  W.  Stout.  Res.  Chem..  Western  Pine  Assoc. 

Res.  Lab.,  7733  S.  E.  13th  St.  (2)  198v 

tRobert  W.  Swanson,  Engr.,  1206  Yeon  Bldg.  (4) 

608v 

Timber  Structures,  Inc.,  (Ward  Mayer,  Pres.),  3400 

N.  W.  Yeon  Ave.,  Box  3782  (8)  1222s 

West  Coast  Lumberman's  Assn.,  (T.  K.  May.  Director 
of  Technical  Service),  I4l0  S.  W.  Morrison  Street 
(13)  1461s 

John  M.  Whiteside.  Entomologist.  Forest  Insect  In¬ 

vestigations,  USDA,  445  U.  S.  Courthouse  (5) 

1757V 

G.  C.  Wilkinson.  Pres..  Lumber  Manufacturers  Inc.. 

2530  S.  E.  Steele  St.  (2)  1903v 

tCharles  H.  Woodworth,  Chief  Engr.  Div.,  Timber 

Structures,  Inc.,  P.  O.  Box  3782  (8)  629v 

Prineville 

C*'!  A.  Peterson,  Owner,  Carl  Peterson  Co.,  P.  O. 
Box  552  1963V 
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1*  Largest,  highest  quality  coverage  in  wood  industry — 
handpicked  circulation  of  more  than  13,000  key  companies  and 
executives. 

Outstanding  editorial  content — the  industry’s  one  cen¬ 
tral,  authoritative  source  of  information  about  research,  techno¬ 
logical  developments,  production  methods,  new  products, 
utilization  and  markets. 

3a  Your  most  helpful  source  of  comprehensive  market 
information  and  research  data  covering  this  eight  billion  dollar 
industry 

4a  Your  basic  advertising  buy  because  it  is  the  only  pub¬ 
lication  serving  the  integrated  wood  industry  on  a  national  basis — 
loggers,  sawmills,  remanufacturers,  plywood  and  veneer  manu- 
faaurers  and  industrial  users  of  wood  for  furniture,  wood  products, 
containers,  transportation  and  other  applications. 

S4mI  •!  **WOOD  FACTS,**  •  wiiHilv  WHsHii  9$  MmrmmHmm 

wififHm  Mw  Im  Mm  lnMutlry  by  WOOD. 
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OREGON — Continued 
Pmpea 

W.  C.  Mattson,  Mgr.,  Red  Blanket  Lumber  Co.  138)a 
Redmond 

J.  M.  Healy,  Mgr.,  Central  Oregon  Fir  Supply  Co., 
Box  1031  20l4v 

Roseburg 

G.  Douglas  Gremmel,  Student,  Oregon  State  College, 
933  Chapman  1323as 

Thomas  H.  Jacobson,  Student,  Oregon  State  College, 
933  Chapman  St.  1994as 

St.  Helens 

L.  V.  Frisch,  General  Mgr.,  Fir-Tex  Insulating  Board 
Co.,  P.  O.  Box  1186  2181V 

tjohn  E.  Robison,  Chem.,  Fir-Tex  Insulating  Board  Co., 
P.  O.  Box  1186  162v 

tPaul  N.  Vance,  Wood  Supply  Mgr.,  Fir-Tex  Insulat¬ 
ing  Board  Co.,  P.  O.  Box  1186  l63v 

Salem 

Vernon  C.  White,  Student,  Oregon  State  College,  Rt. 
8.  Box  146  2136as 

Scottsbutg 

R.  R.  Van  Orden,  Logging  Supt.,  Gardiner  Lumber 

Co.  1906v 

Springfield 

Gus  N.  Arneson,  Springfield  Plywood  Corp.  974v 

Tigard 

Van  S.  Camp,  Mgr.  and  Pres.,  Air-King  Manufacturing 
Corp.,  Box  908  I4l0v 

Tillamook 

Herold  E.  Wade,  Sales  Mgr.,  Tillamook  Bay  Lumber 

Co.,  Box  268  1866v 

Uni^ 

Sigmund  H.  Ellingson,  Mgr.,  Ellingson  Lumber  Co. 

1749V 

Vemonia 

tFred  J.  Tousley,  Dry  Kiln  Foreman,  Oregon  American 
Lumber  Co.  748v 

Wauna 

fWm.  A.  McFarland,  Res.  Chem.,  American  Lumber  & 

Treating  Co.  43v 


Ferraris,  Box  120 


2232V 


WASHINGTON 

Aberdeen 

West  Coast  Plywood  Co.  (A.  R.  Wuest,  Pres.),  Box 
1180)  1223s 

Aloha 

D.  A.  Kurtz,  Mgr.,  Aloha  Lumber  Co.  1869v 

Anacortes 

Arthur  C.  Carlson,  Chemist,  Anacortes  Veneer,  Inc., 

Box  71  1456v 

George  B.  Ward,  Jr.,  Industrial  Executive,  Coos  Bay 
Pulp  Corp.  192  Iv 

Blaine 

H.  J.  Hough.  Sales  Mgr.,  Kynell  Industries,  Inc.,  P. 

O.  Box  445  196lv 

Kynell  Industries,  Inc.,  (A.  F.  Kynell,  Pres.)  1401s 

Camas 

C.  A.  Anderson,  Crown-Zellerbach  Corp.  926v 

W.  R.  Barber,  Crown  Zellerbach  Corp.,  Central  Res. 

&  Tech.  Dept.  927v 

W.  F.  Holzer,  Crown  Zellerbach  Corp.,  Central  Res. 
Sc  Tech.  Dept.  930v 

Centralia 

I.  L.  Linscott,  Pres.,  Linscott  Mfg.  Co.,  Inc.,  P.  O. 

Box  215  1784 

Deer  Pwk 

Deer  Park  Pine  Industry,  Inc.  (J.  H.  Leuthold,  Pres. 
^  and  Gen  Mgr.)  1313s 

Willi.tm  Hulbert  Mill  Co..  (W.  G.  Hulbert,  Jr..  Sec.). 
12th  and  Bayside  1136s 

Hoquiam 

William  Martin,  Chem.  Engr.,  Harbor  Plywood  Corp. 

1831V 

tT.  B.  Stinchfield,  Secy-Treas.,  Posey  Mfg.  Co.  693v 
Kelso 

tE.  Hobart  Collins.  Physicist,  Dev.  Dept..  Weyer¬ 
haeuser  Timber  Co.,  Route  3.  Box  39  281v 

Kirkland 

Ole  E.  Vaslev,  Student,  Univ.  of  Washington,  R  2, 
Box  137-B  1798as 

Klickitat 

Edward  W.  Neils,  Asst.  Silts  .Mgr.,  J.  Neils  Lumber 
Co.  1771V 

Kosmos 

Don  Soderlind,  Mgr.,  Kosmos  Timber  Co.  177Cv 


Longview 

tE.  H.  Barton,  Public  Relations,  Weyerhaeuser  Tim¬ 
ber  Co.  213v 

tLionel  E.  Dowd,  1041  20th  Ave.  637v 

fArnulf  K.  Esterer,  Res.  Chem.,  Dev.  Dept.,  Weyer¬ 
haeuser  Timber  Co.  280v 

tCarl  Fahlstrom,  Asst.  Resident  Mgr.,  Longview  Fibre 
Co.  20C<v 

fRichard  N.  Hammond,  Pulp  Div.,  Weyerhaeuser  lim¬ 
ber  Co.  8v 

The  Long  Bell  Lumber  Co.  (T.  E.  Heppenstall,  Chief 

Prod.  Engr.),  P.  O.  Box  1079  1340s 

tT.  E.  Heppenstall,  Res.  Dir.,  Ding  Bell  Lumber  Co. 

1604  Kessler  Blvd.  44v 

tj.  Elton  Lodewick,  Development  Dept.,  Weyerhauser 
Timber  Co.  1 34v 

tArthur  L.  Motret,  Res.  Engr.,  Long  Bell  Lumber  Co., 
Rt.  1,  Box  63  40v 

tR.  D.  Pauley,  Mgr.,  Dev.  Dept.,  Weyerhaeuser  Tim¬ 
ber  Co.  476v 

Forrest  H.  Ramsdell,  1406 — 10th  Ave.  1429v 

tW.  G.  VanBeckum,  Mgr.,  Technical  Service,  Weyer¬ 
haeuser  Timber  Co.  477v 

Weyerhaeuser  Timber  Co.,  (C.  C.  Heritage,  Technical 
Dir.)  I4l6s 

Robert  J.  Wise,  1314  Ocean  Beach  Ave.  I43'’a 

Newport 

tA.  D.  Decker,  %  Valentine  Clark  Co.  599v 

Olympia 

John  J.  Connors,  Jr.,  Wiahington  Veneer  Co.,  Foot 
Capitol  Way  1849v 

Clifford  H.  Pearson,  Production  Supt.,  Washington 
Veneer  Co.,  Rt.  7,  P.  O.  Box  47  973v 

Pesbastin 

E.  L.  Sawyer,  Pres.,  Peshastin  Lbr.  Sc  Box  Co.  1738v 
Port  Angeles 

Enar  Erickson,  Mgr.,  Peninsula  Plywood  Corp.,  Marine 
Dr.  1912V 

C.  H.  Willison,  Crown-Zellerbach  Corp.,  Box  271 

928v 

Port  Townsend  , 

N.  A.  Lewthwaite,  Crown-Zellerbach  Corp.  929v 

Raymond 

David  M.  Fisher,  Gen.  Mgr.,  Willapa  Harbor  Lumber 
Mills  1344v 

Seahuist 

tGordon  A.  Duncan,  Asst.  Secy.-Treas.,  Moore  Dry 
Kiln  Co.,  P.  O.  Box  873  340v 

Seattle 

American-Marietta  Co.  (Donald  V.  Redfem,  Tech¬ 
nical  t^r.),  3400  13th  Ave..  S.  W.  (4)  1333s 

tP.  Bob  Attwell,  Mgr.,  Attweli  Constr.  Co.,  711  4Ui  8: 

•  Cherry  Bldg.  805v 

tH.  K.  Benson,  Dept,  of  Chem.  Engrg.,  University  of 
Washington  (3)  28v 

Thomas  L.  Bentley,  Student,  University  of  Washington, 
3227  Leary  Ave.,  Apt.  310  (7)  1336as 

Leo  S.  Blacx,  Pres.,  Seattle  Cedar  Lbr.  Mfg.  Co.,  4703 
Ballard  Ave.  (7)  1743v 

tjohn  J.  Bogner,  Tech.  Sales  &  Service  Rep.,  Interlake 
Chem.  Corp.,  1121  Smith  Tower  (4)  276v 

Ralph  S.  Brindley,  Student,  Univ.  of  Washington,  313 
8th  Ave.,  Apt.  70  (4)  2036as 

Chester  W.  Brooks,  Salesman,  National  Lead  Co.,  114 
Westlake  North  (9)  1301v 

tCarl  C.  Castle,  Dow  Chemical  Co.,  1702  Textile  Tower 

833v 

P.  K.  B.  R.  Chaudhuri,  Student,  Univ.  of  Washing¬ 
ton,  4351  16th,  N.  E.  (5)  -  2109as 

James  B.  Corlett,  Student,  Univ.  of  Washington.  3026 
E.  178th  St.  (55)  2048as 

R.  F.  Dreitzler.  Mgr.,  West  Coast  Wood  Preserving 
Co..  1118  4th  Ave.  I64lv 

Donald  E.  Dyson,  Forester,  Seaboard  Lumber  Co.,  39''' 
E.  70th  St.  (5)  1907V 

Rollo  F.  England,  Student,  University  of  Washington, 
4274  Union  Bay  Lane  (3)  1397as 

tHarvey  D.  Erickson.  Assoc.  Prof,  of  For.  Prods.,  Univ. 
of  Washington,  College  of  Forestry  258v 

Keith  G.  Fisken,  Vice-Pres.,  Seattle  Cedar  Lumber 
Mfg.  Co..  4703  Ballard  Ave.  (7)  1742v 

J.  Donald  Fuller.  Pres,  and  Mgr.,  Elmer  8c  Moody 
Co..  2229  First  Ave  (1)  895v 

tHarry  Galber,  Chem.,  Monsanto  Chem.  Co.  (Western 
Div.),  911  Western  Ave.  (4)  800v 

tBror  L.  Grondal,  Prof,  of  Forestry,  Univ.  of  Washing¬ 
ton,  College  of  Forestry  6v 

tPhilip  C,  Hamm,  Wood  Tech.,  Monsanto  Chem.  Co. 

(Western  Div.).  911  Western  Ave.  (4)  _  460v 

William  M.  Hanley,  Student,  Univ.  of  Washington. 
4132— 42nd  N.  E.  (3)  1777a« 
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Oval  Wood  Dish 
Corporation 

Tupper  Lake,  N.  Y. 

FACTORIES: 

Tupper  Lake,  N.  Y. 
Potsdam,  N.  Y. 

THE  OVAL  WOOD  DISH 
COMPANY  OF  CANADA,  LTD. 

QUEBEC  P.  Q. 


MISSISSIPPI 

PRODUCTS 

INC. 

A  completely  integrated  Woodworking 
Plant,  from  the  forest  to  the  finished 
product — covering  10  acres  under  roof 
on  one  floor,  with  latest  modern 
equipment  and  methods  for  low  cost 
operation. 

Specializing  in  the  manufacture  of: 

Radio  and  Television  Cabinets 
Sewing  Machine  Cabinets 
Fully  Dimensioned  Bedroom  Furniture 
Novelty  Tables 
Plywood,  Veneer 
Lumber  Cores 

lACKSON,  MISS. 


Promote  CONSERVATION 
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WASHINGTON— Coodnued 

Morton  S.  James,  Student,  Univ.  of  Washington,  4383 
Union  Bay  Lane  (3)  2029as 

Herbert  F.  Jefferson,  Nettleton  Timber  Co.,  P.  O.  Box 
3305  (14)  I653v 

U^d  A.  Jorgensen,  Sales  Rep.,  Stetson  Ross  Machine 
Co.,  3200  1st  Ave.  S.  (4)  1735v 

Paul  T.  Kennedy,  Res.  fellow.  For.  Prod.  Lab.,  Univ. 

of  Wash.,  2652— 35th  Ave.  W.  1731v 

Wayne  P.  Long,  Sales  Engr.,  Electric  Steel  Foundry 
Co.,  2724  1st  Ave.,  S.  (4)  2114a 

Allen  A.  Lyon,  Design  Engr.,  Boeing  Airplane  Co.. 

1104  E.  Newton  (2)  1769a 

tGordon  D.  Marckworth,  Dean,  College  of  Forestry. 
Univ.  of  Washington  11  v 

Roger  M.  Melrose,  1201  E.  Newton  St.  (2)  1265as 

Sherman  L.  Merriam,  Jr.,  Timber  Structures,  Inc.,  5035 
1st  Ave.,  South  1217v 

tWm.  R.  MofiSt,  Chief  Chem.  (West  Div.),  The 
Borden  Co.,  Chemical  Div.,  610  Airport  Way  343v 
Fred  Nicholson,  Chief  Engineer,  Stetson-Ross  Machine 
Co.,  3200  1st  Ave.,  So.  (4)  1552a 

Northwest  Furniture  Manufacturers*  Assn.  (Arthur  M. 
Carney,  Exec.  Sec.),  1803  Northern  Life  Tower  (li 

1574s 

tArthur  J.  Norton,  Consulting  Chem.,  2919  First  Ave. 

S.  (4)  832v 

W.  D.  Page,  Student,  Univ.  of  Washington,  6011 
Greenwood  (3)  1738as 

tHerbert  M.  Peet,  Exec.  Secy.,  State  of  Wash.  Inst,  of 
For.  Prod.,  718  Seaboard  Bldg.  (1)  607v 

Richard  W.  Pettersen,  Student,  Univ.  of  Washington. 

1800  E.  47th  St.  (5)  1799as 

tWarren  W.  Philbrick,  Owner  &  Mgr.,  Northern  Fibe' 
Co.,  2806— 34th  S.  (44)  356v 

tWillard  E.  Pratt,  Apt.  308,  617  3rd  Ave.  W.  (0O> 

4l5v 

C.  D.  Ries,  General  Electric  Co.,  710  Second  Ave.  (11) 

2195a 

Walter  C.  Ring,  3041 — 16th,  W.  (99)  ‘  1357as 

fWilliam  H.  Rogers,  Chem.,  West  Coast  Wood  Pre¬ 
serving  Co.,  27th  S.  W.  &  West  Florida  St.  (6) 

667v 

to.  Harry  Schrader,  Jr.,  Assoc.  Prof,  of  For.  Prod., 
College  of  Forest^,  Univ.  of  Washington  98v 

Stetson  Ross  Machine  Co.  (F.  A.  Nicholson,  Chief 

1662s 

tW.  O.  Stevens,  Consulting  Engr.,  W.  O.  Stevens  & 
Co.,  100  Textile  Tower  (1)  474v 

tClarence  D.  Stone,  Wood  Tech.,  Elliott  Bay  Lbr.  Co., 
600  W.  Spokane  St.  (4)  118v 

M.  M.  Stover,  Assistant  Western  Manager,  The  Borden 
Co.,  Chemical  Div.  1545v 

tEd  S.  Winlund,  Allis  Chalmers  Mfg.  Co.,  5538  Henry 
Bldg.  867v 

Pete  Zenczak,  Student,  University  of  Washington, 

1121  Sixteenth  Ave.  I463as 

James  L.  Zeigler,  Wood  Tech.,  The  Borden  Co.,  Chem¬ 
ical  Div.,  6010  Airport  Way  (5)  1904v 

Shelton 

tCharles  E.  Murray.  100  Pine  St.  724v 

Simpson  Logging  Co..  (C.  J.  Macke,  V.  P.)  1465s 

A.  T.  Walton,  Simpson  Logging  Co.,  Res.  Lab.  1797v 
Spokane 

Grant  Dixon.  Jr.,  Mgr.,  Exchange  Lbr.  &  Mfg.  Co.. 

2615  N.  Cincinnati  (7)  1867v 

Spaulding  Howe,  Prop.,  Idaho  Pine  Mills,  E.  4C00 
Riverside  Ave.  (15)  1666v 

Ernest  E.  Hubert,  Wood  Tech..  517  W.  27th  Ave.  "" 
»  ^  .  1502V 

Robert  E.  Jones,  Pres.,  Lumber  By-Products  Co.  1968v 
t.Mexander  J.  Robinson,  Greit  Northern  Railway  (M) 

787v 

Western  Pine  Manufacturing  Co..  Ltd.,  (Grant  Dixon. 

Pres.).  E.  315  Jackson  Ave.  1383s 


D.  W.  Walters,  Managing  Engr.,  Inland  Empire  In¬ 
dustrial  Research,  417  Peyton  Bldg.  1889v 

Sunmet 

1  Robert  W.  Vaughan,  Chem.  Engr.,  Fibre  Board 
Products  Inc.  831v 

Tacoma 

rOon  B.  Bowman,  Sales  Mgr.,  Cascade  Pole  Co.,  P.  O. 

Box  743  lllv^ 

David  Countryman,  Douglas  Fir  Plywood  Assoc.,  Ta-* 
coma  Bldg.  1046v 

Edward  L.  Croston,  American  Manufacturing  Co.,  2119 
Pacibc  Ave.  (2)  991a 

Robert  A.  Dahlquist,  Salesman,  American  Manufactur¬ 
ing  Co^  2119  Pacific  Ave.  (2)  _  .9?0a 

Douglas  fir  Plywood  Assoc.,  (N.  S.  Perkins,  Technical 
Dir.),  301  Tacoma  Bldg.  (2)  ,1151* 

fEatonville  Lumber  Co.  (G.  E.  Karlen,  General  Mgr  ), 
711  Tacoma  Bldg.  (2)  75$ 

Frank  Dinger,  Jr.,  Chem.  Engr.,  Wheeler  Osgood  Co.. 

1216  St.  Paul  Ave.  (2)  1323v 

Glenn  S.  Face,  Student,  Univ.  of  Washington,  1122 
N.  6th  St.  (2)  2080as 

tThomas  Fleming,  Jr.,  Res.  Engr.,  Wheeler  Osgood 
Co.,  1216  St.  Paul  Ave.  (1)  148v 

T.  M.  Gepford,  Pres.,  American  Manufacturing  Co., 
Inc.,  2119  Pacific  Ave.  (2)  1325v 

Arthur  E.  Gruhl,  Lab.  Tech.,  Fir  Door  Inst.,  1205 
Rust  Bldg.  (2)  1594v 

fBrian  J.  Ingoldsby,  Mgr.,  Engrng.  Sales  Div.,  Weyer¬ 
haeuser  Sales  Co.,  Redondo  Star  Route  326v 

Gladys  E.  Johnson,  Head  Order  Librarian,  Tacoma 
Public  iibran  (3)  ♦  1443a 

tj.  D.  Long,  Dir. -Ed.,  Douglas  Fir  Plywood  Assoc.. 

Room  301,  Tacoma  Bldg.  130v 

tC.  A.  McVey,  Sr.,  1732  N.  Steele  St.  199v 

Henry  L.  Mertz,  Gen.  Supt.,  Buffelen  Lumber  &  Manu¬ 
facturing  Co.,  Box  1595  955v 

tStephen  L.  Michael,  Res.  Tech.,  Wheeler  Osgood  Co., 
i2l6  St.  Paul  Ave.  (1)  l49v 

fVic.  C.  Monahan,  Pres.,  Cascade  Pole  Co.,  P.  O. 

Box  743  llOv 

tNelson  S.  Perkins,  Tech.  Dir.,  Douglas  Fir  Plywood 
Assoc..  Ta.moa  Bldg.  745v 

fAimust  H.  Rauch.  Wood  Tech.,  Plywood  Research 
round.,  6928  Cheyenne  St.  70<v 

tjohn  D.  Ritchie,  Chief  Testing  Lab.,  Douglas  Fir 
Plywood  Assoc.,  301  Tacoma  Bldg.  837v 

tNeil  F.  Robertson,  Mill  Mgr.,  West  Tacoma  News¬ 
print  Co.,  6360  School  St.  (9)  606v 

George  F.  Russell.  Pres.,  Northwest  Syndicate,  Inc.. 

711  St.  Helens  Ave.  (1)  15l4v 

tWalter  J.  Ryan,  901  Rust  Bldg.  (3)  529$ 

Clinton  J.  Sammond,  Dir.  of  Industrial  Relations. 

Northwest  Door  Co.,  1203  East  D  St.  (2)  1909'’ 

fBrian  L.  Shera,  Mgr.,  Tech.  Serv.  Dept.,  Penn.  Salt 
Mfg.  Co.  of  Wash.,  Box  1297  396v 

tCorydon  Wagner,  Vice-Pres.,  St.  Paul  &  Tacoma  Lbr. 

Co.,  1220  St.  Paul  Ave.  (2)  2l4v 

fHenry  W.  Wegner,  Mechanical  Supt.,  St.  Paul  &  Ta¬ 
coma  Lbr.  Co..  1220  St.  Paul  Ave.  (2)  666v 

twin  E.  Wilson,  Pres.,  Modular  Structures,  Inc.,  P.  O. 
Box  1281  (1)  241v 

Trout  Lake 

George  E.  Woodruff,  Mgr.,  Mt.  Adam  Lbr.  Co.  1865v 
Vancouver 

Robert  E.  Dant,  Managing  Partner,  Dant  &  Russell, 
Ltd.,  P.  O.  Box  651  I685v 

Henry  A.  Dotter,  Jr.,  Vancouver  Plywood  &  Veneer 
Co.  I487v 

J.  B.  Power,  General  Mgr..  Vancouver  Plywood  A 
Veneer  Co..  P.  O.  Box  720  1923v 

Wenatchee 

D.  H.  Phipps,  Mill  Mgr..  Northwest  Wholesale,  Inc., 
Box  849  1118v 


SOUTHWEST  REGION 


ARIZONA 

Pinedale 

Leonard  A.  Prichard,  Forester,  U.  S.  Forest  Service. 


Sitgreaves  N.  F.  ’  1984v 

Williams 

Jay  H.  Cravens,  %  General  Delivery  1277as 

Window  Rock 

F.  L.  Carter,  Mgr.,  Navajo  Tribal  Sawmill  1913v 
Winslow 

(Seorge  H.  Nagel,  Owner,  Nagel  Lumber  &  Timber 
Co.  1839s 


CALIFORNIA 

Anaheim 

tH.  A.  Browning.  Owner,  H.  A.  Browning  Lbr.  Co.. 
R.  D.  2.  Box  113A  450s- 

Anderson 

A.  B.  Hood,  General  Mgr.,  Ralph  L.  Smith  Lbr.  Co. 

1905» 


J.  .1  K'-'h-s.  M-’r..  California  Barrel  Co..  Ltd.  I446v 
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DOUBLE-END  TENONER 


Many  intricate  and  special  operations  can 
be  performed  on  the  No.  400  Tenoner. 
Each  machine  is  made  to  fit  your  require¬ 
ments  in  a  variety  of  sizes  up  to  20  feet 
or  more  TOtween  tenon  shoulders.  Chain 
beams  can  be  extended  to  square  cut  up 
to  96  inches  or  more  ahead  of  trim  saws. 
Welded  steel  construction  makes  the 


with  Welded  Steel  Construction 

:ions  can  beams  2  to  2H  times  stiffer  than  cast  iron. 

Fenoner.  *  Optional  equipment  includes  patented  V- 
require-  belt  driven  high  speed  cope  motor  units, 
>  20  feet  stationary  or  jump  dado  arbors,  scoring 
s.  Chain  saws,  tilting  tenon  motors,  jiunp  relishing 

e  cut  up  attachment,  window  side  frame  grooving 
im  saws.  attachment,  and  many  other  items.  Write 
ikes  the  for  Bulletin  No.  400. 

DOUBLE  CUT-OFF  SAW 


The  No.  300  Saw  can  be  depended  upon 
for  accurate  production  at  high  rates  of 
speed.  It  is  made  in  a  range  of  sizes  to  fit 
different  (xmditions,  and  can  be  equipped 
with  such  labor-saving  attachments  as 
cope  motors,  stationary  or  jump  dado 
arbors,  or  other  devices  to  meet  specific 
problems.  Order  Bulletin  No.  300. 


1 

MACHINE 

COMPANY 

1  4401  LYNDALE  AVENUE  N  O  R  T  H  •  M  1  N  N  E  A  P  O  L  1  S 

12,  MINNESOTA  I 
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CALIFORNIA— Continued 
Beikeley 

tRobert  A.  Cockrell.  Assoc.  Prof,  of  Forestry,  Univ. 

of  Calif.,  School  of  Forester  17t 

Carl  F.  Ehelebe,  Student,  University  of  California,  416 
International  House  (4)  1366as 

tLeyden  N.  Ericksen,  For.  Prod.  Tech.,  Calif.  Forest 
Exp.  Sta.,  34  Ardmore  Rd.  (7)  633v 

tjoseph  Farley.  Treas.,  Calif.  Coast  Lbr.  Co.,  1208 
Amer.  Trust  Bldg.  (4)  659’ 

fEmanuel  Fritz,  Assoc.  Prof,  of  Forestry,  Univ.  of 
Calif.,  School  of  Forestry  (4)  51v 

Aaron  Gordon.  Chemist,  41  Hill  Rd.  922v 

tWolf  Creek  Timber  Co.,  Inc.  (R.  Chaffee,  Vice-Pres. 

&  Gen.  Mgr.),  1208  Amer.  Trust  Bldg.  (4)  1293s 

tStrahen  N.  Wyckoff,  Dir.,  Calif.  For.  &  Range  Expt. 
Sta.,  P.  O.  Box  245  (1)  517v 

Burbank 

tjack  B.  Cunningham,  Pres.,  Woodwelding,  Inc.,  3000 
W.  Olive  Ave.  I43v 

Woodwelding,  Inc.  (Jack  B.  Cunningham),  3000  W. 
Olive  Ave.  1040s 

Burney,  Shaaa  County 

Scott  Lumber  Co.,  Inc.,  (Raymond  Berry,  V.  P.  and 
Gen.  Mgr.)  1450s 

Jack  Berry,  Supt.,  Michigan-California  Lumber  Co., 

1405v 

T.  H.  Mills,  Asst.  Mgr.,  Michigan-California  Lum¬ 
ber  Co,  I406v 

Chester 

Alfred  J.  O’Brien,  %  General  Delivery  1949as 

Coming  . 

Crane  Mills  (H.  R.  Crane,  Pres.),  P.  O.  Box  536 

1166s 

Diamond  Sprinn 

Loren  Hall,  ^les  Mgr.,  California  Door  Co.,  Box  439 

*989v 

Dinuba 

Ivory  Pine  Co.  of  California  (E.  P.  Ivory,  Pres.),  Box 
116  1223s 

Dunsmuir 

Dan  Rygel,  Pres.  &  Gen.  Mgr.,  Dunsmuir  Lumber 
Co.  ,  1830V 

Emeryville 

tR.  E.  Reilley,  Exec. -Mgr.,  Newson  &  Bechtal,  Inc.. 
5760  Shellmound  St.  (8)  854v 

Eureka 

John  Alexander,  Sequoia  Products  Co.,  Box  91  1092v 

H.  H.  Harding,  Orick  Lumber  Co.,  350  E  St.  1952v 
tByrne  C.  Manson,  Mech.  Engr.,  Calif.  Redwood 
Assn.,  1115  13th  St.  129v 

Fortune 

George  Allen,  Logging  Mgr.,  Holmes  Eureka  Lum¬ 
ber  Co.,  Box  278  1970v 

Fresno 

Alfred  R.  Reardon,  Owner,  Reaidon  Lumber  Co.,  Rt. 
13,  Box  312  2057v 

Huntington  Beach 

fDuncan  McNeil,  Box  551  810v 

Huntington  Park 

Henry  D.  Pfenning,  Supr.,  L.  A.  Period  Furniture 
Co.,  2528  E.  54th  St.  2058v 

Jackson 

Wm.  Donilovich.  Kiln  Foreman,  Winton  Lumber  Co., 
Box  864  1975v 

Loomis 

Bernard  Jacobson,  Mgr.,  Grass  Valley  Lumber  Co., 
Box  395  2017v 

Los  Angeles 

R.  H.  Alley,  12245  San  Vicente  Blvd.  (24)  I6l8v 

tOlaf  Anderson,  Foreman,  Exp.  Dept.,  Weber  Show¬ 
case  &  Fixture  Co.,  5700  Avalon  Blvd.  (54)  456v 

tBen  Benioff,  Engr.,  Summerbell  Roof  Structures,  825 
East  29th  St.  (11)  6l8v 

Frank  L  Connolly,  Pres.,  Western  Hardwood  Ibr. 

Co.,  P.  O.  Box  5008  (55)  1626v 

tGustav  J.  Fehrenbach,  Chief  Engr.,  Weber  Showcase 

&  Fixture  Co.,  Inc.,  5700  Avalon  Blvd.  (54)  609v 

fA.  E.  Ferguson,  Western  Sales  Mgr.,  American  Lum¬ 
ber  &  Treating  Co..  112  W.  9th  St.  (15)  4lv 

tOrrie  W.  Hamilton.  Secy-Mgr.,  So.  Calif.  Retail  Ibr. 

Assn.,  Ill  W.  7th  St.,  Rm.  1018-20  (14)  62v 

Hammond  Lumber  Co.,  (James  Smith),  Box  2138. 

Terminal  Annex  (54)  1179< 

tWarren  E.  Hoyt,  Dist.  Sales  Mgr.,  American  Lumber 
&  Treating  Co.,  112  W.  9th  St.  (15)  329v 


tArthur  Koehler,  2308  Eleventh  Ave.  (16)  109v 

Librarian,  Univ.  of  So.  California  (7)  1817a 

Lloyd  P.  Miller,  Southwest  Sash  and  Door  Co.,  6820 
Victoria  Ave.  (43)  1746v 

tAxel  V.  Pedersen,  Pres.,  Economy  Farm  Structures, 
3631  W.  Vernon  Ave.  (43)  79v 

Melvin  R.  Roberts,  Cal-Wood  Mfg.  Co.,  1541  W. 

132nd  St.  (44)  948v 

Louis  W.  Robeson,  Louis  W.  Robeson  Company, 
Room  530,  610  S.  Main  St.  (14)  1285v 

tLeRoy  Stanton,  Jr.,  Exec.  Vice-Pres.,  E.  J.  Stanton  & 
Son,  Inc.,  Box  3816,  Terminal  Annex  (54)  265v 

tMax  Steinhaus,  Engr.,  Kistner,  Curtis,  &  Wright.  2884 
Sunset  PI.  (5)  635v 

Summerbell  Roof  Structures,  (E.  D.  Seaver,  V.  P. 

and  Chief  Engr.),  825  East  29th  St.  (11)  1435s 

Edward  H.  Terry,  Conductor  of  Research  on  Light- 
Weight  Laminates,  6018  Alviso  Ave.  (43)  1713v 

tHerbert  E.  Toor,  Furniture  Guild  of  California,  Inc., 
1601  East  15th  St.  (21)  691v 

fGilbert  B.  Upham,  Prod.  Mgr.,  Summerbell  Roof 
Structures,  825  E.  29th  St.  (11)  664v 

fHamilton  Von  Breton,  Tropical  &  Western  Lbr.  Co.. 

609  S.  Grand  Ave.  (14)  432v 

tjack  S.  Weber,  Salesman,  American  Lumber  8c  Treat¬ 
ing  Co.,  1151  S.  Broadway  (15)  271v 

fWillard  P.  Willis.  Jr.,  Chem.  Engr.,  Monsanto  Chem¬ 
ical  Co.,  714  W.  Olympic  Blvd.  (15)  181» 

Paul  C.  Yankauskas,  Pico  Machinery  Corp.,  3011  E. 
Pico  Blvd.  (23)  1587V 

Lynwood 

Anton  J.  Sommer,  Perkins  Glue  Co.,  Box  I4l  1049v 
McCloud 

J.  P.  Hennessy,  Vice-Pres.  &  Gen.  Mgr.,  McCloud 
River  Lbr.  Co.  1755v 

Martelll 

Clifford  E.  Anderson,  Winton  Lumber  Co.  1976v 
Menlo  Park 

John  I.  Cleese,  Partner,  George  :F.  Cleese  Lbr.  8c  Mill- 
work,  820  El  Camino  Real  2035v 

Monrovia 

H.  G.  MacDonald,  Owner,  Laminated  Hardwood 
Flooring,  473  Monrovista  Ave.  1352v 

Nevada  City 

Lambert  Almquist,  Lumberman,  Almquist  Logging  & 
Lumber  Co.,  102  Finley  St.  1894v 

North  Sacramento 

A.  J.  Long,  Chem.  Engr.,  L.  J.  Carr  Co.,  704  W.  El 
Camino  Ave.  2117v 

Oakland 

Cedric  H.  Anderson,  Summerbell  Roof  Structures. 

1746  13th  St.  (7)  1106v 

fFrank  B.  Benzon,  Gen.  Mgr..  Timber  Structures  of 
Calif.,  Fruitvale  Station,  P.  O.  Box  25  (7)  351v 

tEdward  A.  Gross.  Wood  Tech.,  Sherwin-Williams  Co.. 

1450  Sherwin  Ave.  (8)  505v 

tW.  A.  Kinney,  Western  Dry  Kiln  Co.,  8221  San 
Leandro  St.  (3)  363v 

J.  Z.  Todd,  Pres.,  Western  Door  8c  Sash  Co.,  Fifth 
8c  Cypress  Sts.  (7)  I6l9v 

E.  K.  Wood  Lumber  Co.,  (John  B.  Wood,  V.  P.) 
P.  O.  Box  1618  1315s 

Oroyille 

tDonald  R.  Roper,  Gen.  Mgr.,  Natl.  Wood  Treating 
Corp.,  P.  O.  Box  351  45?v 

tL.  O.  Swinebart,  Natl.  Wood  Treating  Corp.,  P.  O. 
Box  351  975v 

Palm  Springs 

tArnoId  E.  Lubach,  3811  Camino  San  Miguel  652v 

Pasadena 

Gardner  K.  Grout,  Dir.,  Booth-Kelly  Lumber  Co., 

1041  E.  Green  (1)  1444a 

urjt 

irschkind.  Dir.  of  Res.,  Dow  Chemical  Co. 

(Gr.  West  Div.),  Box  351  792v 

Quincy  *. 

Marcel  Moser,  Dry  Kiln  Supt.,  Meadow  Valley  Lbr. 
Co..  R.  1  1969V 

Richmond 

tHarvey  H.  Smith.  1816  San  Benito  858v 

Rockport  _ 

W.  M.  Moores,  Vice-Pres.,  Treas.,  Hollow  Tree  Lum¬ 
ber  Co.,  Box  558  1951V 

Sacramento  _  _  . .  .  „  ^ 

L.  I.  Carr  8c  Co.  (L.  J.  Carr,  Gen.  Mgr.),  P.  O 
Box  1282  11TV 

James  R.  Hillgrove.  Jr.,  Owner,  Union  Planing  Mill. 
P.  O.  Box  1205  1885v 
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WILLIAMS-WHITE  HOT  PLMTt  PKCSSIS  for  lETTEI  PLYWOOD 


WIILIAMS-WHITE 
ARE  TRULY  CUSTOM  BUILT 


Tour  plywood,  requiring  exact  pressure 
and  temperature  to  insure  perfect 
bonding,  can  be  better  produced  with 
WILLIAMS-WHITE  Presses. 


Write  us,  giving  detailed  information  of 
your  requirements  and  we  will  send 
complete  specifications,  at  no  obligation 
to  you. 


T««  WILLIAMS-WHITE  A  CO.  Hot 
Pr*u«  op«r«l*d  br  ttw  Eii««m 
Flirwood  Co.,  Eu^ofio,  Oroooii.  Ono 
•ceommodotot  S  x  10  f».  mooM, 
otiMr  4  I  • 


WIEAIAMS'WHITI  *  Co. 


MAKERS  Of  PRECISION  PRODUCTION 
MACHINERY  FOR  NEARLY  100  YEARS 


Union  Lnmber  Gimpany 

620  Market  Street 
SAN  FRANCISCO,  CALIF. 

Manufacturers  of 

CALIFORNIA 

REDWOOD 

MILLS: 

Fort  Bragg,  Calif. 

SALES  OFFICES: 

620  Market  St.,  San  Francisco,  Calif. 
117  W.  9th  St.,  Los  Angeles,  Calif. 
228  No.  La  Salle  St.,  Chicago,  Ill. 

2735  Grand  Central  Terminal,  New 
York  City 


DRYING 

SYSTEMS 

for 

LUMBER  VENEER 

PLYWOOD 

FURNITURE  FINISHES 
CONDITIONING  ROOMS 

REDMAN 

ENGINEERING  SERVICE 

High  Point  No.  Car. 
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CALIFORNIA— Continued 

Fred  Flughes,  Owner,  Fred  Hughes  Laboratories  1760v 
Joseph  N.  Sears,  Chem.  Engr.,  L.  J.  Carr  Co.,  532 — 
40th  St.  1761V 


E.  B.  Birmingham,  Hammond 
1039V 


Samoa 

G.  B.  McLeod,  % 

Lumber  Co. 

San  Francisco 

Myron  Bird,  Mgr.,  California  Saw  Works,  721  Bran- 
nan  St.  (3)  2087V 

California  Redwood  Assn.,  (B.  F.  Wade),  405  Mont¬ 
gomery  St.  (4)  1482s 

Benjamin  T.  Cardinal,  Salesman,  United  States  Ply¬ 
wood  Corp.,  6th  &  Channel  Sts.  1273v 

Harvey  V.  Castling,  Vice-Pres.,  LinklBelt  Co.,  Pacific 
Div.,  400  Paul  Ave.  (24)  2044a 

Henry  B.  Everett,  Ag.  Engr.,  California  Redwood  As¬ 
soc.,  465  Montgomery  St.  (4)  1762v 

Robert  T.  Evju,  Evju  Products  Co.,  465  California  St. 

(4)  1038V 

tClint  Hallsted,  Dist.  Sales  Mgr.,  American  Lumber  & 
Treating  Co.,  604  Mission  St.  538v 

Edwin  O.  Holter,  Jr.,  Pres.,  Sage  Land  &  Lumber  Co., 
620  Market  St.  (4)  1098a 

fArthur  C.  Horner,  Timber  Engineering  Co.  of  Calif., 
4314  Olifomia  St.  (18)  402v 

tMason  E.  Kline,  625  Market  St.  380v 

Earl  L.  Miller,  Pres.,  Meadow  Valley  Lumber  Co., 
155  Montgomery  St.  (4)  1633v 

Wm.  R.  Morris,  Union  Lumber  Co.,  620  Market  St. 

(4)  1053v 

W.  R.  Schofield,  Secy-Mgr.,  Calif.  Forest  Protective 
Assn.,  681  Market  St.  1734v 

Ray  E.  Schreck,  Dir.  Res.  Dev.,  Union  Lumber  Co., 
620  Market  St.,  Room  1010  (4)  1736v 

tC.  L.  Thompson.  Dir.  of  Res.,  Pacific  Lumber  Co., 
100  Bush  St.  (4)  852v 

tB.  F.  Wade,  Consulting  Engr.,  Calif.  Redwood  As¬ 
soc.,  405  Montgomery  St.  186v 

Allen  W.  Wiegand.  Student,  University  of  California, 
212  Uke  St.  (18)  1398as 

San  Rafael 

Norman  B.  Livermore,  Jr.,  Gen.  Mgr.,  Montesol  Lum¬ 
ber  Co.,  1434  Grand  Ave.  1534v 

Santa  Clara 

Charles  M.  Brink,  Vice-Pres.,  Pacific  Mfg.  Co.,  2610 
The  Alameda  2078a 

Santa  Monica 

tDean  M.  Barnes,  Chief  Engr.,  Assoc.  Tel.  Co.,  Ltd., 
1314  7th  St.  453a 

Adolph  D.  Lembach,  427  11th  St.  884v 

Stanford 

William  E.  Rand,  Asst.  Dir.,  Stanford  Research  Inst. 

1661a 

Stockton 

Charles  P.  Berolzheimer,  Pres.,  California  Cedar  Prod¬ 
ucts  Co..  Box  528  I458v 

California  Cedar  Products  Co.,  (Robert  E.  Partch, 
V.  P.-Treas),  P.  O.  Box  528  1292s 

tC.  T.  Gray,  Mgr.,  Stockton  Box  Co.,  P.  O.  Box  1731 

310v 

Owen  Hagen.  Research  Dept.,  California  Cedar  Prod¬ 
ucts  Co.,  Box  528  1460v 


Ernest  C.  Mein,  Mgr.,  Stockton  Plant,  The  Marley  Co., 
Inc.,  150  No.  Sinclair  Ave.  I477v 

fRobert  E.  Partch,  Treas.-Gen.  Mgr.,  Calif.  Cedar  Prod¬ 
ucts  Co.,  P.  O.  Box  528  817v 

H.  L.  Rammer,  Consultant  Chemist,  California  Cedar 
Products  Co..  Box  528  l455iv 

Stockton  Box  Company,  (Charles  T.  Gray,  Mgt.) 
P.  O.  Box  1731  1155s 

William  H.  Wilcox,  Consultant  Engineer,  California 
Cedar  Products  Co.,  Box  528  l457v 

Upland 

William  I.  McCully,  Owner,  McCully  Woodworking 
Shop,  1346  East  Ninth  St.  1491v 

Van  Nuys 

Kenneth  E.  Nelson,  Salesman,  American  Lumber  & 
Treating  Co.,  5245  Lennox  1207v 

Weed 

J.  M.  White,  Jr.,  Asst.  Gen.  Mgr.,  Long  Bell  Lum¬ 
ber  Co.,  Weed  Division  1658a 

Yuba  City 

Robert  M.  Kuhn,  Moore  Dry  Kiln  Co.,  66  Morton 
St.  1076v 


COLORADO 

Denver 

Morrison  W.  Brinker,  Student,  University  of  Colorado, 
2849  Vrain  St.  (12)  l471as 

T.  J.  Fillas,  Industrial  Forester,  Ace  Box  Company, 
2950  Platte  River  Dr.  174lv 

T.  W.  Schomburg,  Producer  and  Wholesaler,  1856 
Colorado  Blvd.  (7)  1858v 

Ft.  Collins 

Harry  E.  Troxell,  Jr.,  Instr.  in  Forest  Management. 
Colo.  A  &  M  College,  Div.  of  For.  I622v 

HAWAII 

Honolulu 

M.  Fraser,  Hawaiian  Sugar  Planters  Assn.,  1527  Kee- 
auwaku  St.  (4) 

John  Kretzu,  Mgr.,  Hawaiiana  Furn.  Mfg.  Ltd.,  Ward 
&  Queen  Sts.  2238v 

tRbt.  H.  Lawder,  American  Factors,  Ltd.,  2531  Fer¬ 
dinand  Ave.  (54)  338v 


NEVADA 
Las  Vegas 

Ira  Goldring,  Pres.,  Builders  Mill  &  Supply  Co.. 
1622  South  A.  St.  1637V 


NEW  MEXICO 


Albuquerque 

tThos.  P.  Gallagher,  New  Mexico  Timber  Co. 
Box  63 


,  P.  O. 
868v 


UTAH 

Kamas 

J.  H.  Blazzard,  Mgr.,  Blazzard  Lumber  Co.,  Box  138 

2001V 

Logan 

tCalvin  M.  Bowen.  203  W.  Center  549v 


MEMBERS— OUTSIDE  THE  UNITED  STATES  AND  CANADA 


ARGENTINA 
Buenos  Aires 

Silvio  Gagliardi,  Celulosa,  Argentina  S.  A.,  Rivadavia 
620  1065V 

Eino  Heinonen,  Heinonen  S.  A.  Comercial  e  Indus¬ 
trial,  Av.  Corrientes  4569  1021a 


AUSTRALIA 

Bri4>ane 

Marcus  ,1.  G.  Brims.  Station  Road,  Yeerongpilly  933v 
fVictor  Grenning,  Dir.  of  Forests,  Queensland  Forests 
Service  734v 

Bumie,  Tasmania 

Clifford  B.  Hansen,  Sawmill  Supt.,  Associated  Pulp  8c 
Paper  Mills,  Ltd.,  4  Cunningham  St.  1126v 

Canberra 

Geoffrey  J.  Rodger,  Dir.  Gen.,  Forestry  and  Timber 
Bur.  2178V 

Melbourne 

tChnrles  H.  Alexander,  Tech.  Asst.,  209  Beaconsfield 
Parade  Middle  Park  698v 


Charles  Edwin  Dixon,  Research  Officer,  Div.  of  For¬ 
est  Products  (C.  S.  I.  R.),  69  Yarra  Bank  Road, 
S.  C.  4  910v 

G.  S.  C.  Semmens,  Australian  Paper  Manufacturers, 
Ltd.,  Box  1643,  G.  P.  O.  1107a 

Victoria 

tStanley  A.  Clarke,  Chief,  Div.  of  For.  Prod.,  Council 
for  Scien.  8c  Ind.  Res.,  P.  O.  Box  18  _  6l9v 

tAlan  Gordon,  Div.  of  For.  Prod.,  Coun.  for  Scientific 
8c  Ind.  Res.,  P.  O.  Box  18,  (S.  C.  4)  701v 

St.  Peters 

Ronald  E.  Ogden,  Ogden  Bros.,  Reilly  PI.,  N.  S.  W. 

1120V 


BELGIUM 

Antwerp 

tjean  F.  De  Beukelaer,  Repr.,  De  Beukelaer  8c  De 
Jonge,  27,  Bosmanslei  663a 

Brussels  _ 

fL.  Van  Hoorick,  Hout  Handel  8c  Nijverheid,  37,  Zen- 

nestraat.  37  624v 

tFrancis  Peche,  233  rue  de  la  Loi  603v 
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Everyone  benefits  when  an  industry  reaches  that  point 
where  it  can  operate  steadily,  year  in  and  year  out.  Toward 
that  end,  this  company  operates  tree  farms  to  provide  an  endless 
supply  of  logs.  But  different  types  of  mills  are  needed  to  process 
all  of  the  harvest  from  our  tree  farms,  because  the  logs  come 
in  a  variety  of  species  and  sizes.  This  means  we  must“diversiiy" 
our  manufacttiring— make  many  different  kinds  of  products 
from  wood.  The  only  practical  way  to  operate  such  specialized 
mills  is  to  group  them  in  one  location,  to  save  transportation, 
administration,  power  and  other  costs.  All  the  harvest  from  the 
supporting  tree  farm  is  funnelled  to  the  one  central  site.  Here, 
by  efficient  operation,  we  can  produce  a  wide  variety  of  products 
at  a  cost  which  will  allow  them  to  compete  on  the  free  American 
market.  So  this  company  has  set  up  a  program  of  “plant  inte¬ 
gration''  that  eventually  will  provide  such  groups  of  mills  at 
each  mill  site.  Thus  we  can  utilize  all  the  harvest  from  our  tree 
farms,  create  more  jobs,  promote  continuous  operation  and 
build  greater  sectirity  for  all. 


EYEIHAEUSEI  TiMBEI  COMPANY 


WORKING  IN  THi  MCfPfC  NORTHWEST  TO  CREATE  PRODUCTS,  PATROllS  AND  PROEITS 
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BELGIUM — Continued 
a  Deinae 

tVictor  Torek,  Man.  Dir.,  Les  Usines  Torek  738v 
Hamme 

Paul  Gillet,  Engr.,  78,  Rue  de  la  Chappelle  l}}lv 

BRAZIL 
Sao  Paulo 

A.  R.  Marusi,  Teeh.  Dir.,  Alba,  S.  A.,  Rua  Consel- 
heiro  Nebias  265,  90  Andar  ll)7v 

Porto  Alegre 

Instituto  Teehnologieo  Do  Rio  Grande  Do  Sul,  Av. 
Osvaldo  Aranha  271,  Caixa  Postal  1864  134ls 


CHILE 

Santiago 

Edwardo  Torricelli,  Ministry  of  Lands  and  Coloniza¬ 
tion,  Teatinos  234,  3  Piso  1034a 

Valdiria 

Mario  Carrasco,  Compania  Salibrera,  do  Tarapaco  y 

Antofasasta,  Casilla  929  1044v 

HONDURAS 

La 

V.  C.  Dunlap,  Dir.  Tropical  Res.,  United  Fruit  Co. 

1571V 

Tegucigalpa 

Paul  J.  Shank,  For.  Super.,  United  Fruit  Co.,  Apar- 
tado  93  '  1550V 


CHINA 

Kiaitng,  Sze. 

tYeo  Tang,  Dir.  For.  Prod.  Lab.,  N.  B.  1.  R.  Min. 
of  Econ.  Affairs,  P.  O.  Box  268  625v 

DENMARK 

Kobenhavn 

A.  Blichfeldt-Petersen,  %  R.  Collstrop  A/S,  Osterbro- 
gade  2  1085i 

ENGLAND  ' 

Birmingham 

Tailby  &  Co.  Ltd.  2003v 

Cambridge 

N.  A.  De  Bruyne,  Man.  Dir.,  Aero  Research  Ltd., 
Hinxton  Rd.,  Duxford  1002v 

Cheshire 

Philip  Harwood,  Dir.,  Cheshire  Forests  Ltd.,  Willas- 
ton-In-Wirral,  I473v 

W.  Leslie  Wilson,  W.  H.  Wilson,  Ltd.,  Westminster 
Road,  Ellesmere  Port,  Wirral  1517v 

Chester 

tG.  R.  Jacob,  J.  R.  Gordon  &  Co.,  14,  Newgate  St. 

857v 

Devon 

fH.  Grinder,  Dir.  &  Man.,  Messrs.  James  R.  Cull  & 
Son  (1949)  Dd.,  Newton  Abbot  •  874v 

Essex 

tS.  C.  Cable,  Ardleigh,  37  Lake  Rise,  Romford  844v 
Tadgel  H.  Sadd,  John  Sadd  &  Sons,  Ltd.,  Maidon 

2012v 

Gloucestershire 

Alfred  E.  Duggan,  Dir.  &  Gen.  Mgr.,  Factories  Di¬ 
rection,  Ltd.,  Pine  End  Works,  Lydney  1595v 
Liverpool 

tD.  B.  Irvin,  Dir.,  Irvin  &  Sellers,  Ltd.,  Forge  St., 
Derby  Rd.  (20)  859v 

fD.  R.  Johnston,  21,  Netherton  Grange,  Netherton  (10) 

845v 

London 

John  E.  Evan  Cook,  Evae  Cook’s  Packers,  Ltd.,  134 
Queens  Rd.,  Peckham,  S.  E.  (15)  1077a 

fCharles  William  Grindell,  Dir.,  Burt,  Boulton  &  Hay¬ 
wood.  Ltd.,  Brettenham  House,  Lancaster  PI.,  Strand, 
W,  C,  (2)  872v 

Stuart  S.  Mallinson,  Wm.  Mallinson  8c  Sons,  Ltd.,  130 
Hackney  Road,  E.  2  1115v 

Lymington 

J.  Laurent  Giles,  Laurent  Giles  8c  Partners,  Dd.,  4, 
Quay  Hill  1579v 

Manchester  _ 

G.  Leslie  Mason,  Man.  Dir.,  G.  Mason  8c  Co.,  Ltd., 
Traford  Park  (17)  1529v 

tj.  C.  Robertson,  Pendlebury  Rd.,  Swinton  Nr.  876v 
Northumberland 

George  Schiff,  Mgr.,  Tyne  Plywood,  Ltd..  Stephenson 
St. — ^Willin^on  Quay.  Wallsend-on-Tyne  1509v 


Nottingham 

W.  O.  Woodward,  Timber  Merchant,  The  Notting¬ 
ham  Mills  Co.,  Ltd.,  9  Cavendish  Crescent  So.,  The 
Park  897v 

Sheffield 

J.  F.  Wells.  G.  F.  Wells,  Ltd.,  Bath  St.  Wks.  (1) 

982v 

Southampton 

fH.  A.  Collinson,  Tech.  Dir.,  Leicester,  Lovell  &  Co. 
Ltd.,  North  Baddesley  87 Iv 

Shropshire 

Eric  Wadsworth  Isherwod,  Man.  Dir.,  Albert  Isher- 
wood  8c  Co.,  Dd.,  Railway  Sawmills,  WEM.  2053v 
Yorkshire 

tH.  E.  Hickson,  Dir.,  Hickson’s  Tim.  Impreg.  Co. 
(G.  B.)  Ltd.,  Ings  Lane,  Castleford  644v 

FINLAND 

Helsinski 

Olavi  Rinkinen,  Pres,  of  Timber  Houses,  Ltd.,  Puutalo 
oy  (Timber  Houses,  Dd.),  Mannerheimintie  9B 

2208V 

Feliks  E.  Siimes,  Chief  of  Tech.  Lab.,  State  Inst,  for 
Technic  Work,  Albertink.  24.A.6  l673v 

Lahds 

Helge  Lindross,  Tech.  Mgr.,  Fennia  Faneri  O.  Y. 

2172V 

Loio 

Yngve  Appleberg,  Prod.  Engr.,  O.  Y.  Faner  A.  B. 

2173V 

FRANCE 

Paris 

tRoger  Blais,  Redacteur  ne  Chef,'  "Revue  du  Bois’’  40, 
due  du  Colisee  655v 

tjean  Campredon,  Directeur,  Institut  Natipnal  du  Bois, 
14,  av.  de  Saint-Mande'  (XIIo)  654v 

Seine 

tjean  Collardet,  Ecole  Superieure  du  Bois,  3,  Rue  de 
I'Ecole  de  Mars,  Neuilly-sur-Seine  662v 

HOLLAND 

Amsterdam 

Jacques  L.  Bienfait,  Da  Costakade  104-W  1127v 

The  Hague 

tF.  B.  J.  Gips,  N.  Y.  Gips’  Houtbereiding,  Oranje- 
straat  9  863v 

tW.  W.  Varossieau,  Wood  Anatomist,  Timber  Sect. 
Central  Inst,  for  Testing  Materials,  Ant.  Duyckstr 
117  793v 

W^eningen 

G.  Houtzagers,  Dir.,  Inst,  for  Forestry,  Univ.  of 
Wageningen  1981v 

INDIA 

Bangalore 

D.  S.  Kamesam,  Chief  Engr.,  Weldwood  Roof  & 

Bridge  Structures  Co.,  4  Miller  Rd.  1542v 

Bombay 

S.  A.  Trivedi,  Tech.  Off..  Natl.  Newsprint  8c  Paper 
Mills,  Dd.,  6  Tulloch  Road,  Apollo  Bunder  (1) 

1665V 

Dehra  Dun 

Forest  Research  Institute  &  College,  P.  O.  New 

Forest,  U.  P.  1005s 

Shri  C.  R.  Ranganathan,  Pres.,  Forest  Research  Inst. 
8c  College,  P.  O.  New  Forest  1644v 

Dharwsr 

Managing  Agent,  Kamatak  Industrial  8c  Plywood  Co., 
Ltd.,  P.  O.  Box  No.  17,  R.  S.  1871v 

Madras 

Gopal  S.  Ranganathan,  107  Lloyd  St.  1530v 

New  Delhi 

fAmar  Nath  Nayer,  15 — C  Baird  Sq.  219v 

A.  C.  Sekhar,  Asst.  Develtmment  Officer  (Timber). 
Directorate  General  of  Industries  and  Supplies. 

Shihjehan  Rd.  983v 

Poona 

C.  J.  Fernandes,  Sub-Divisional  For.  Off.,  Forest 
Dept.  2055V 

tS.  N.  Kesarcodi,  Central  Offices  (7)  602v 

Upper  Assam 

N.  C.  Das,  Mgr.,  Sleeper  Treating  Plant,  P.  O. 
Naharkativa  1511v 

ISRAEL 

Tel-Asriv 

Isaac  Shpilner,  Importer:  Wood  and  Boxes,  Jaffa 
Road  35  Tel-Aviv,  P.  O.  Box  1701  2l48a 
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KOPPERS  BUILDING,  PITTSBURGH  19,  PA. 
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ITALY 


Napoli 

Giovanni  F.  Franciosi,  Mgi..  Societa  Italtana  Rueping, 
Via  Taddeo  Da  Sessa  I407v 


MEXICO 

Chihmhuag 

Jose  G.  Gonzalez  Muzquiz,  Lumberman,  Aserradetis 
Gonzalez  Ugarte,  S.  A..  Calle  13a.  |803  ,  2233v 

Martin  Leyva  A..  Estacion  Sigoyna,  Via  Minaca  2243v 

Merida,  Yucatan 

Javier  Urcelay,  P.  O.  Box  300  1850v 


NEW  ZEALAND 
Auckland 

James  T.  Currie,  New  Zealand  Forest  Products  Ltd.. 
Box  1884  984v 


tNevill  Lushanus  Wright,  Exec.  Dir.,  Hickson’s  Tim¬ 
ber  Impregnation  (N.  Z.)  Dd.,  P.  O.  Box  2033 

873v 


Wellington 

John  Crowe,  Dir.,  Boracure  (N.  Z.)  Ltd.,  Box  632 

909v 

tA.  R.  Entrican,  Dir.  State  For.  Serv.,  Box  1,  Govt. 

Bldgs.  (C-1)  631v 

Tom  D.  Ward.  Secy.,  Dominion  Sawmillers’  Federa¬ 
tion,  Inc.,  G.  P.  O.  Box  226  2079a 

NORWAY 

Halden 

O.  Anker  Rasch,  %  Saugbrugsforeningen,  Saugbrugs 

1086v 


tPer  Gerhard  Frang,  Asst.  Mgr.,  Jens  Frang,  Dalsveien 
36,  Slemdal  383v 

Skoycn 

Ingenior  F.  Loschbrandt,  Boks  2,  A6441  2230v 


PHILUPINE  islands 


Baailan  City 
Nazario  P 


enas.  Mill  Mgr.,  Sta.  Qara  Lbr.  Co.,  Inc. 

2096v 


Laguna 

Rosario  T.  Cortes,  Forester,  Bureau  of  Forestry,  School 
of  Forestry,  College,  901v 

Calixto  Mebesa,  Wood  Technologist,  Bur.  of  Forestry, 
Sdiool  of  Forestrv,  College  903v 

Gregorio  Zamuco,  Assoc.  Prof,  of  Forest  Utilization. 

School  of  Forestry,  College  902v 

Eugenio  De  La  Cruz,  Chief,  Div.  of  Forest  Investiga¬ 
tion.  Bur.  of  Forestry,  University  of  Philippines. 
Los  Banos  900v 

Manila 

Florencio  Tamesis,  Dir.  of  Forestry  and  Dean,  School 
of  Forestry,  Bur.  of  Forestry,  University  of  the 
Philippines  904v 


SIAM 

Bangkok 

Khid  Suvarnasuddhi,  Librarian,  Royal  Forest  Dept. 

2182a 


SOUTH  AFRICA 
Parow 

Secretary,  Plywoods  Ltd.,  P.  O.  Box  3  (C.P.)  1862a 

Port  Elizabeth 

tReginald  Baskind,  Res.  Off.,  Boxes  8c  Shooks  (Pty) 
Ltd.,  P.  O.  Box  877  6l4v 

Pretoria 

William  Edward  Watt,  Dept,  of  Forestry.  Union  of 
South  Africa.  Box  334  1020v 


SUDAN 

Eq^orial  A.  E. 

Ronald  Jackson,  Sawmill  Mgr.,  Sudan  Dept,  of  Agri. 
&  For.,  Katire  Sawmill — Torit  Via  Juba  I638v 

SWEDEN 

Experimentalfaltet 

H.  Malmstrom,  Librarian,  Skogsbiblioteket,  Forestry 
Library  of  Sweden  997a 

Hu^vama 

Sixten  Arensten,  Engr.,  Husqvarna  Vapenfabriks  Ak- 
tiebolag  1983v 

Omskoldsvik 

'  Nils  Jul  Ogland,  Chief  Chemist,  Mo  Och  Domsjo 
Treetex  AB  .  1590v 

Omskeridsvik 

Sixten  Ulfsparre,  Gen.  Mgr.,  Mo  Och  Domsj  Treerex 
AB  2059V 

Skonsmon 

Phillipe  A.  Roulier,  13  Rinzagen,  Box  222  lllOv 

Stockholm 

Lennart  Bergval,  Architect,  AB  Bostadsforskning, 
Sveavaegen  108  1710v 

Lars  Birkner,  Bolidens  Gruvaktiebolag,  Bryggargatan  17 

2188V 

Jan  Erik  Janson,  Exec.  Secy.,  Svenska  Plastforeningen, 
43  Karlavagen  2103v 

tSigurd  Lindberger,  Tech.  Dir.,  Aktiebolaget  Lauxe  in- 
Casco  (11)  870v 

Knut  Littorin,  Pres.,  Swedish  Wood  Mfgf.  Assn. 

I660v 

tSven  G.  Stndstrom,  Wood  Impregnation  DiV.,  Bolid¬ 
ens  GruvakdebolM.  Bnggargatan  17  372v 

Ragnar  Schlyter,  The  Royal  College  and  Swedish 
Inst,  for  Handicrafts  (4)  1074v 

tSten  Guniur  Sandstrom,  Chem.  Engr.,  Boliden  Min¬ 
ing  Co.,  17  Bryegaratan  372v 

L.  G.  Wastberg,  Tech.  Mgr.,  E.  T.  Rahm  A.  B.,  Aso- 
gatan  126  2106v 

Stocksund 

Bertil  Thunell,  Radjursvagen  3  923v 

Sundsvall 

Erland  Waldenstrom,  Dir.,  Planning  Dept.,  Swedish 
Pulp  Co.,  Kopmangaxan  10  l649v 


SWITZERLAND 

Ptatteln 

W.  Hertner,  Box  13  1006v 

Zurich 

Hans  Burger,  Swiss  Forestry  Research  Sudon,  Tan- 
nenstr  11  (6)  992v 

Ernst  Gaumann,  Prof.,  Swiss  Federal  Inst,  of  Tech¬ 
nology,  Universitatsstrasse  2  (6)  121  Iv 

Oswald  F.  Wyss,  Mgr.  Dir.,  Interwood  AG,  Du- 
fourstrasse  116  2022v 


578 


OREST  PRODUCTS  RESEARCH  SOCIETY 


KETCHIKAN 
SPRUCE  MILLS 

SITKA  SPRUCE 
WESTERN  HEMLOCK 


MILL  AT 

Ketchikan/  Alaska 

ALASKA  YARDS 

Anchorage 

Fairbanks 

Ketchikan 

Palmer 
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Alphabetical  Membership  Directory 

See  Geographical  Membership  Directory  for  complete  title,  organization,  street  address  and  membership  grade 

(Complete  to  July  30,  1949) 


A 


Wallace  S.  Adams,  Rowley,  Massachusetts  2094v 

S.  E.  Adler,  Chicago,  Illinois  967v 

Aetna  Plywood  &  Veneer  Co.,  Chicago,  Illinois  l}40s 
J.  Paul  Ahlbrandt,  Two  Rivers.  Wisconsin  2234v 

Herbert  Ain,  Glen  Cove,  New  York  I464as 

Edward  J.  Albert,  Philadelphia,  Pennsylvania  2007v 

G.  B.  Alcorn,  Crossett,  Arkansas  1059v 

Charles  H.  Alexander,  Australia  698v 

John  Alexander,  Eureka,  California  1092v 

Russell  M.  Alexander,  Hammond,  Louisiana  621v 

Joseph  J.  Allegretti,  St.  Paul,  Minnesota  514v 

Armin  E.  Allen,  Philadeh>hia.  Pennsylvania  506v 

George  Allen,  Fortune,  California  1970v 

William  F.  Allen,  Decatur,  Illinois  256v 

R.  H.  Alley,  Los  Angeles,  California  16l8v 

Allis  Chalmers  Mfe.  Co.,  Milwaukee,  Wisconsin  DOds 
Lambert  Almquist,  Nevada  City,  California  1894v 

American  Box  Corporation,  Lakeview,  Oregon  I6l6s 

American  Creosoting  Co.,  New  York,  New  York  1765s 

American  Defibrator,  Inc.,  New  York,  New  York_  1149s 

American  Lumber  &  Treating  Co.,  Chicago,  Illinois  1043s 

American  Marietta  Co.,  Seattle,  Washington  1553s 

E.  I.  Andersen,  Grand  Rapids,  Michigan  2210v 

Arthur  B.  Anderson,  Portland.  Oregon  239v 

Bruce  E.  Anderson,  Atlanta.  Georgia  112v 

C.  A.  Anderson,  Camas.  Washington  926v 

Cedric  H.  Anderson,  Oakland,  California  1106v 

Clifford  E.  Anderson.  Martell,  California  1976v 

Emil  A.  Anderson,  Kalispell,  Montana  67v 

Eric  A.  Anderson,  Madison,  Wisconsin  ^  681v 

Harvey  M.  Anderson,  Vancouver,  British  Columbia  1506as 
I.  V.  Anderson,  Missoula.  Montana  677v 

Nils  Anderson,  Jr.,  New  York.  New  York  1535v 

Olaf  Anderson.  Los  Angeles,  California  456v 

Shivers  L.  Anderson,  Jr..  Macon,  Georgia  l485as 

Benjamin  A.  Anderton,  Edgewater,  New  Jersey  942v 

C.  r.  Andrews,  Somerset,  Tasmania  1957v 

'  Charles  W.  Andrews,  Ames.  Iowa  1809as 

Leonard  R.  Andrews.  Vancouver,  British  Columbia  126v 
H.  W.  Angell.  Chicago,  Illinois  ll4v 

Thomas  J.  Anketell,  Jr.,  Ann  Arbor,  Michigan  1426’'s 
Yngve  Appleberg,  Loio,  Finland  2173v 

John  B.  Armstrong,  Vancouver.  British  Columbia  348v 
Gus  N.  Arneson,  Springfield,  Oregon  974v 

Sixteen  Arensten,  Husqvarna.  Sweden  19R5v 

Robert  S.  Aries,  Brooklyn.  New  York  33v 

Frederick  W.  Arnd.  Waterloo,  Iowa  208<v 

Robert  I._  Ashman,  Orono,  Maine  1781v 

Fred  Atkinson.  Grand  Rao'ds.  Michigan  129<»v 

P..  Bob  Attwell,  Seattle.  Washington  805v 

F.  C.  Atwood,  Cambridge,  Massachusetts  124v 

F'ederick  Aufrecht,  Chicago,  Illinois  1342a 

Hurieosco  Austill,  St.  Louis.  Missouri  84lv 

Thomas  E.  Averv.  Atlanta,  Georgia  1819as 

Jno.  L.  Avery,  Shreveport,  Louisiana  1880v 


B 

Chester  L.  Babcock,  New  York.  New  York 
‘Edward  L.  Babcock,  New  York,  New  York 

A.  V.  B‘>ckman,  Bloedel,  British  Columbia 
Roy  H.  Baechler.  Madison,  Wisconsin 
F.dward  T.  Bai'ey.  Wheaton.  Illinois 

P.  D.  Bailey.  Drtroit.  Michigan 

Roger  A.  Bailey.  Cicero,  Illinois 

Norman  L.  Bailiff.  Kansas  City,  Kansas 

I.  B.  Baird.  Houston,  Texas 

Raker  Furniture,  fnc..  Grand  Rapids,  Michigan 

B.  M.  Baker,  Grand  Raoids,  Michigan 
iGregory  Baker,  Orono,  Maine 
Robe't  E.  Baker.  Portland,  Oregon 

fW.  E.  Byron  Baker,  Lock  Haven,  Pennsylvania 
jWm.  T.  Baker  Corvallis.  Oregon 

K.  Baldrige,  Oiibwa.  Wisconsin 
The  Baldwin  Co.,  Cincinnati.  Ohio 
Walter  J.  Balster,  Chicago,  Illinois 


931v 

1354v 

359v 

ll6v 

25v 

376v 

911v 

I476v 

388v 

384s 

1562v 

96v 

266v 

I44v 


Iv 

15I6v 

1206s 

694t 


Otto  Baltuth,  Melrose  Park,  Illinois 

Hugh  G.  Bancroft,  Vancouver,  British  Columbia 

Richard  J.  Bandekow,  New  York,  New  York 

Henry  L.  Bango,  Minden,  Louisiana 

W.  R.  Barber,  Camas,  Washington 

Robert  Barkley,  Muncie,  Ind. 

Dean  M.  Barnes,  Santa  Monica,  California 
Fred  C.  Barnes,  Ionia,  Michigan 
W.  L'E.  Barnett,  Mt.  Dora,  Florida 
Alien  I.  Barr,  St.  Louis,  Missouri 
The  Barret  Division,  New  York.  New  York 
W.  V.  Barrowclougl^  Cadillac.  Michigan 
Gustave  Barshefsky,  Chicago,  Illinois 
E.  H.  Barton,  Longview,  Washington 
Reginald  Baskind,  Port  Elizabeth,  South  Africa 
Thomas  L.  Bentley,  Seattle,  Washington 
Leonard  A.  Batke,  Cleveland,  Ohio 
Jack  E.  D.  Batson,  Buffalo,  New  York 
r.  J.  Bauer,  Ames,  Iowa 
David  W.  Baxter,  Cambridge,  Massachusetts 
Charles  H.  Beaumont,  Penn  Yan,  New  York 
Harry  F.  Beatty,  Hagerstown,  Maryland 
Julian  F.  Beaudet,  Lake  George,  New  York 
Harold  Beaver,  Royal  Oak,  Michigan 
Hubert  L.  Becher,  Trenton,  New  Jersey 
Folke  Becker,  Rhinelander,  Wisconsin 
Leonhard  J.  Beckwith,  Medford,  Massachusetts 
Edward  Beglinger,  Madison,  Wisconsin 
Henry  G.  Behning,  Oregon,  Illinois 
E.  A.  Behr,  Memphis,  Tennessee 

E.  N.  Beisel,  Helena,  Arkansas 
R.  S.  Belcher,  Topeka,  Kansas 
Claude  C.  Bell.  Madison,  Wisconsin 

F.  K.  Bemis,  Sheboygan  Falls,  Wisconsin 
John  Bene,  Vancouver,  British  Columbia 
Robert  Bennett,  Holland,  Michigan 

Robert  H.  Bennett,  Grand  Rapids,  Michigan 
Ben  Benioff,  Los  Angeles,  CaUfornia 
Dwight  W.  Bensend,  Ames,  Iowa 
.H.  K.  Benson,  battle,  Washington 
Thomas  L.  Bnteley,  Seattle,  Washington 
Frank  B.  Benzon,  Oakland,  California 
Elmer  E.  Bergey,  Riverton,  New  Jersey 
Stuart  I.  Bergman,  New  York,  New  York 
Julius  Bergsma,  Grand  Rapids,  Michigan 
Lennart  Bergval,  Stockholm,  Sweden 
William  E.  Berkey,  Chicago,  Illinois 
Charles  P.  Berolzheimer,  Stockton.  California 
Foster  W.  Berry,  St.  Charles,  Illinois 
Nesbitt  Berry,  Union.  South  Carolina 
ack  Be^,  Camino,  Califortiia 
George  W.  Bersch,  Madison.  Indiana 
R.  ri.  Bescher,  Orrville,  Ohio 
Tames  S.  Bethel,  Brunswick,  Georgia 
Frank  Beyer,  Orono,  Maine 
Narottam  D.  Bhati,  Dharwar  R.  S.,  India 
Jacques  L.  Bienfait.  Amsterdam — W,  Holland 
W.  H.  Bierbusse,  Batesville,  Indiana 
Maurice  H.  Bigelow,  Toledo,  Ohio 
George  W.  Bill,  Cincinnati,  Ohio 
George  E.  Billings,  Lansing,  Michigan 
Edwin  J.  Billstrom,  Rockford,  Illinois 
George  T.  Bird,  State  College.  Pennsylvania 
Myron  Bird,  San  Francisco,  California 
Keith  C.  Birdsall,  Syracuse.  New  York 
Lars  Birknej,  Stockholm,  Sweden 
Serge  A.  Birn,  Louisville,  Kentucky 
Alfred  H.  Bishop,  Syracuse,  New  York 
D.  H.  Bissell,  New  York.  New  York 

C.  A.  Bissman,  Springfield.  Missouri 
Jacob  Bfachek,  Metamora,  Illinois 
Leo  S.  Black,  Seattle.  Washington 
T.  B.  Bla'-kburn,  Chicago.  Illinois 
John  T.  Blackwell,  Boston,  Massachusetts 

L.  P.  Blackwell,  Ruston.  la. 

M.  H.  Blair,  Houston,  Texas 
Roger  Blais,  Paris,  France 

C.  Dwayne  Blakney,  Corvallis,  Oregon 


482v 

1811as 

303v 

585v 

927v 

1276as 

453a 

520v 

1993a 

893v 

1338s 

1247V 

558v 

213v 

6l4v 

1556as 

1589as 

1676v 

1718as 

2222v 

1627a 

1504v 

1986v 

2095V 

2236v 

178v 

283v 

1196v 

1099a 

88v 

1353V 

465v 

512v 

2091V 

1066v 

2064a 

3l4v 

6l8v 

21v 

1218V 

1556as 

351v 

2l68v 

1359as 

I474v 

1710V 

1375V 

1458V 

278v 

1684v 

1405\ 

1847V 

73v 

97v 

lOOv 

1871V 

1127V 

1260a 

llOlv 

1033V 

2l46v 

941v 

2111as 

2087V 

1737as 

2188V 

1974v 

1174v 

125a 

2193a 

2220V 

1743V 

568v 

437v 

1015V 

842a 

655v 

1524as 
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Crogan- Cochran  Jjamber  Company 

MANUFACTURERS  OF 

YELLOW  PINE  LUMBER 

MAGNOLIA, TEXAS 


Manufactunn  of 

HIGH  GRADE  FLAT 
or 

CURVED  PLYWOOD 


Co. 


DAYSTROM  CORPORATION 

World's  Largest  Producer  of 
Chrome-Steel  Tubular  Furniture 

OLEAN  and  FRIENDSHIP,  N.  Y. 
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Douglas  K.  Bland,  Henderson,  Kentucky  1078v 

J.  H.  Blazzard,  Kamas,  Utah  2001t 

J.  Oscar  Blew,  Madison,  Wisconsin  7l4v 

A.  Blichfeldt-Petersen,  Kobenhavn,  Denmark  108)a 

Verne  F.  Bliss,  Durham,  North  Carolina  2081as 

Bloedel,  Stewart  &  Welch,  Ltd.,  Vancouver,  British  Colum¬ 
bia  1316s 

Prentice  Bloedel,  Vancouver,  British  Columbia  213v 

P.  A.  Bloomer,  Fisher,  Louisiana  106v 

Robert  R.  Blumenstein,  Washington,  District  of  Columbia 

22  Iv 

Robert  L.  Boatman,  Van  Wert,  Iowa  2123v 

Robert  M.  Boehm,  Laurel,  Mississippi  llOSv 

Col.  Marston  Taylor  Bogert,  New  York,  New  York  907a 
W.  Doyle  Boggess,  Indianapolis,  Indiana  137v 

John  J.  Bogner,  Seattle,  Washington  276v 

James  R.  Bolon,  Stanley,  Wisconsin  2131as 

Ralph  A.  Bond,  Chicago,  Illinois  ll69v 

David  Bookshester.  Chicago,  Illinois  78)v 

C.  Curtis  Booth,  Binghamton.  New  York  38^ 

Raymond  G.  Booty,  Shaker  Heights,  Ohio  156v 

Tosenh  N.  Borglin,  Wilmington,  Delaware  676v 

Borden  Company,  Chemical  Div.  342s 

Gilbert  H.  Eiosse,  Evansville,  Illinois  999v 

Marie-Albert  Bourget,  Quebec.  Canada  550v 

Calvin  M.  Bowen,  Logan,  Utah  349v 

Don  B.  Bowman.  Tacoma.  Washington  lllv 

Steve  G.  Boyce,  Raleigh,  North  Carolina  1367as 

Bradley  Lumber  Company  ot  Arkansas,  Warren,  Arkansas 

1087s 

Wm.  P.  Branson,  Eugene.  Oregon  566v 

Joseph  M.  Bray.  Buffalo.  New  York  1901v 

B.  C.  Bren,  Arlin^on,  New  Jersey  921a 

Fred  M.  Brenne,  Eueene,  Oregon  1706a 

P.  D,  Brentlintrer,  Philadelphia,  Pennsylvania  843v 

I.  A.  Breton,  Quebec,  Quebec  84a 

Lyman  H.  Brigham,  Durham,  North  Carolina  2082as 

Marcus  J.  G.  Brims,  Brisbane,  Australia  933v 

Ralph  S.  Brindley,  Seattle,  Washinijton  2036as 

Chas.  W.  Bringman.  Orlando,  Florida  1820a 

Charles  M.  Brink,  Santa  Clara,  California  2078a 

Morrison  W.  Brinker,  Denver,  Colorado  l471as 

British  Columbia  Forest  Service,  Victoria,  British  Columbia 
„  .  .  89s 

British  Columbia  Lbr.  Mfgrs.  Assoc.,  Vancouver,  Briti<h 

Columbia  1178s 

R.  E.  Broderick,  New  York,  New  York  2127v 

Chester  W.  Brooks,  Seattle,  Washington  1501v 

R.  D.  Brooks,  Indianapolis,  Indiana  1164a 

Roy  L.  Brooks,  Martinsville,  Virginia  t930a 

David  D.  Browder,  Sweetwater,  Tennessee  728v 

Don  Brouse,  Madison,  Wisconsin  501v 

Clay  Brown,  Portland,  Oregon  1287v 

G.  Basil  Brown,  Manville.  New  Jersey  255v 

Earl  D.  Brown,  North  Waterford,  Maine  604v 

Harry  P.  Brown,  Syracuse,  New  York  383v 

Kenneth  D.  Brown,  Ames.  Iowa  1834as 

Loren  L.  Brown,  Montreal,  Quebec  433v 

Nelson  C.  Brown,  Syracuse,  New  York  2237v 

Roscoe  M.  Brown,  Vancouver,  British  Columbia  267v 
Warren  H.  Brown,  McCall,  Idaho  19i4v 

H.  A.  Browning,  Anaheim,  California  430v 

E.  L.  Bruce  Co.,  Memphis.  Tennessee  231s 

Marsden  Brundage,  Columbus,  Ohio  1024v 

Roy  C.  Brundage,  Lafayette.  Indiana  807v 

Arthur  J.  Bruneau,  Hancock,  Michigan  124lv 

Alex  Bruun,  Montreal,  Quebec  201  Iv 

Buckeye  Screen  &  Weatherstrip  Co.,  Columbus,  Ohio  1203s 
Robert  C.  Buchholz,  Biltmore,  North  Carolina  1967v 

Walter  Buebler,  Lakeland.  Florida  337v 

lohn  A.  Bugge,  Reed  City,  Michigan  693v 

William  W.  Bulla,  Ashboro.  North  Carolina  757v 

Bruce  Bullion,  Gainesville,  Florida  684v 

Donad  C.  Burchard,  Syracuse,  New  York  1754v 

Hans  Burger,  Zurich,  Switzerland  992v 

John  A.  Burgeson,  Jamestown,  New  York  1399as 

William  J.  Burgon,  Vancouver,  British  Columbia  860v 
Albert  D.  Burk,  Shreveport,  Louisiana  699v 

William  W.  Burk.  Osceola,  Indiana  1379v 

John  N.  Burke,  Vancouver,  British  Columbia  288v 

Richard  L.  Burkhart,  S^mour,  Indiana  37v 

Don  Burnet,  Corvallis,  Oregon  2066as 

Harley  L.  Burnett.  Wartrace.  Tennessee  1374v 

Frank  L.  Burns,  ^llow  Run.  Michigan  2046as 

Henry  L.  Bums,  Portland,  Oregon  384v 

Kenneth  E.  Burns,  Crosby,  Minnesota  2l42v 

Richard  D.  Burrell,  Minneapolis,  Minnesota  2112as 

W.  L.  Burritt,  Omaha,  Nebraska  17ilv 

R.  S.  Burruss.  Jr.,  Lynchburg,  Virginia  869v 

Norvel  G.  Burton,  St.  Louis,  Missouri  308v 

H.  O.  Bush,  Cleveland,  Ohio  431v 

Frank  J.  Buss,  Melrose,  Massachusetts  1093v 

L.  Keith  Bussert,  West  Lafayette,  Indiana  1390is 


Roy  J.  Butler,  Kansas  City,  Missouri  184v 

Norman  C.  Bye,  Philadelphia,  Pennsylvania  394v 

c 

S.  C.  Cable,  Romford,  Essex,  England  844v 

Samuel  Cabot,  Boston,  Massachusetts  439v 

James  S.  Cairns,  Littletown,  Pennsylvania  386v 

Robert  W.  Cairns,  Wilmin^on,  Delaware  177v 

H.  N.  Calderwood,  Madison,  Wisconsin  696v 

California  Cedar  Products  Co.,  Stockton,  California  1292s 
California  Redwood  Assn.,  San  Francisco,  C*l>fo'o>*  1482s 
Wm.  Cameron  tc  Co.,  Waco,  Texas  1291s 

Van  S.  Cainp,  Tigard,  Oregon  I4l0v 

Roderic  J.  Campbell,  Superior,  Wisconsin  1370as 

Jean  Campredon,  Paris,  France  654v 

Canadian  Forest  Products  Limited,  New  Westminster. 

British  Columbia  1716s 

Nathan  D.  Canterbury,  Houston,  Texas  93a 

Benjamin  T.  Cardinal,  San  Francisco,  California  1273v 
Dudley  C.  Carey,  Louisville,  Kentucky  216v 

Gunther  Carlberg,  Chicago,  Illinois  736v 

Arthur  C.  Carlson,  Anacortes.  Washington  l436v 

Emil  A.  Carlson,  Chicago,  Illinois  733v 

George  W.  Carlson,  Holyoke,  Massachusetts  2100v 

Thorwald  A.  Carlson,  Madison,  Wisconsin  108v 

William  H.  Carlson,  Corvallis,  Oregon  998a 

Lucius  S.  Carpenter,  Jr.,  Biddeford,  Maine  1431v 

Roswell  D.  Carpenter.  New  Orleans,  Louisiana  _  1197v 
James  H.  Carr,  Jr.,  Washington,  District  of  Golumbia  222v 

L.  I.  Carr  tc  Co.,  Sacramento,  California  1171s 

R.  H.  Carr,  Jasper,  Alabama  I614v 

Mario  Carrasco,  Valdivia,  Chile  1044v 

Frank  E.  Carroll.  Chicago.  Illinois  932v 

W.  E.  Carroll.  Roanoke.  Virginia  777v 

F.  L.  Carter,  Window  Rock,  Arizona  191 3v 

Roy  M.  Carter,  Raleigh,  North  Carolina  183v 

Cascade  Pacific  Lumber  Co..  Portland,  Oregon  1181s 
Cascades  Plywood  Corporation,  Portland,  Oregon  1678s 
Charles  W.  Cassell,  KaLmazoo,  Michigan  363v 

Carl  C.  Castle,  Seattle,  Washington  .  833v 

Philip  H.  Chadbourne,  Bethel.  Maine  2'126v 

George  E.  Chamberlin,  International  Falls,  Minnesota  2l43v 
The  Champion  Paper  &  Fibre  Co.,  Canton,  North  Carolina 

1177s 

F.  J.  Champion,  Madison,  Wisconsin  2184v 

John  B.  Chandler.  Atlanta,  Georgia  ll67v 

Ving-Pe  Chang,  Ann  Arbor,  Michigan  1739as 

A.  Dale  Chapman,  Chicago,  Illinois  943v 

G.  V.  Chapman,  Drexel,  North  Carolina  1037v 

Harold  L.  Charles.  Rochester,  New  York  912v 

Estey  P.  Charak,  Boston,  Massachusetts  1326v 

Alexander  Chatin,  New  York,  New  York  648v 

Cavalier  Corporation,  Chattanooga.  Tennessee  1499s 

P.  K.  B.  R.  Chaudhuri,  Seattle,  Washington  2109as 

B.  K.  Chelvarajan.  Ann  Arbor,  Michigan  l439as 

K.  Cheng,  New  York.  New  York  l671as 

Kenneth  G.  Chesley,  Crossetr,  Arkansas  2v 

Herbert  H.  Chesney.  Fort  Lauderdale,  Florida  983a 

Edward  C.  Childs.  Norfolk.  Connecticut  2003a 

M.  B.  Christian,  Tallulah,  Louisiana  2141v 

Anthony  F.  Christy.  Grand  Rapids,  Michigan  I606a 

Martin  Chudnoff,  Fliiladelphia,  Pennsylvania  1264as 

Wm.  C.  Church,  San  Antonio,  Texas  300v 

L.  M.  Cladv,  Oshkosh.  Wisconsin  977v 

B.  E.  Clariage,  Erie,  Pennsylvania  I414v 

A.  Bailey  Clark,  Miami,  Florida  2212v 

Alexander  L.  Clark,  Grand  Rapids,  Michigan  2218as 

L.  E.  Clark.  Ir.,  Bainbridge,  New  York  l436v 

Stanley  A.  Clarke,  Victoria,  Australia  6l9v 

Victor  H.  Clausen,  Jr.,  St.  Paul,  Minnesota  2130as 

lohn  D.  Clawson,  South  Shaftsbury,  Vermont  1917v 

John  I.  Cleese,  Menlo  i  ark,  California  2033v 

Philip  P.  Clement,  Bangor,  Maine  1333v 

MacMillan  Clements,  Southport.  Connecticut  1432v 

David  W.  Cleverden,  New  York,  New  York  2023v 

B.  G.  Cline.  Jr.,  Alexandria,  Virginia  1268as 

Charles  E.  Close,  Chicago,  Illinois  132v 

Mason  C.  Cloud,  Jr.,  Attiens.  Georgia  202Iv 

C.  E.  Cochran,  Indianapolis,  Indiana  1878v 

Ira  B.  Cochran,  Jr.,  Blacksburg.  Virginia  1823as 

Howard  H.  Coe,  Stockbridge,  Vermont  20l6v 

Robert  A.  Cockrell,  Berkeley.  California  17v 

A.  J.  Cohen.  Long  Island  City,  New  York  1724v 

Arnold  J.  Cohen,  New  York,  New  York  l691as 

H.  C.  Colby,  Jr.,  Emlenton,  Pennsylvania  1836v 

Roy  G.  Cole,  Bartonville,  Ontario  1243v 

J.  r.  Cole,  Selma,  Alabama  1937v 

Donald  G.  Coleman,  Madison,  Wisconsin  309v 

P.  N.  Coleman,  Philadelphia,  Pennsylvania  67^ 

Richard  A.  Colgan,  Jr.,  Washington,  District  of  ColumbU 

■  439v 

W.  F.  Collar,  Austell,  Georgia  881v 
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Compliments 

of 

WALLIN  LUMBER  CO. 

COLUMBUS,  MISSISSIPPI 


HOW  DO  YOU  TEST  THE 
MOISTURE  CONTEHT 
OF  YOUR  LUMBER? 

Thousands  of  firms  have  solved  this  problem 
with  our  Electronic  Moisture  Register. 

INSTANT  TESTS,  ACCURATE 
RESULTS,  NO 
COMPLICATED  HGURING 

Saves  its  cost  many  times  over.  There  is  a 
model  to  meet  your  requirements.  Write, 
today. 

Dealer  Inquiries  Invited 
Representatives  in  principle  Cities 

MOISTURE  REGISTER  COMPANY 

Dept.  IQ-A,  133  No.  Garfield,  Alhambra,  Cal. 


UNI-TEMP 

THE  ALL  ALUMINUM 
DRY  KILN  DOORS 
WITH 

A  PEDIGREE 


A  Door  to  Fit  Every  Opening — 

For  Dry  Kilns  and  Lumber  Storage  Sheds 

•  LIGHT  WEIGHT 

•  RUGGED  CONSTRUCTION 

'?  •  FULLY  INSULATED 

•  USABLE  WITH  YOUR  PRESENT  HARDWARE 
AND  CARRIERS 

FOR  INFORMATION  WRITE 

UNIVERSAL  DOOR  CARRIER,  INC. 

m7  CORNELL  AVE.  INDPL’S  2,  IND. 
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Professor  Jean  Collardet,  Seine,  France  662v 

Sterling  R.  Collett,  Morganton,  North  Carolina  1064a 

Reginald  H.  Colley.  Murray  Hill,  New  Jersey  60v 

E.  Hobart  Collins,  Kelso,  Washington  281v 

John  C.  Collins,  Ashland,  Oregon  l403v 

Truman  W.  Collins,  Portland,  Oregon  }24v 

H.  A.  Collinson,  Southampton,  England  871v 

G.  Colucci,  Wilmi^on,  North  Carolina  1200v 

John  Colucci,  Jr.,  Wilmington,  North  Carolina  1201v 
Col,  Courtney  Combs,  Fort  Wayne,  Indiana  l409v 

Theodore  C.  Combs,  Portland,  Oregon  630v 

John  P.  Comer,  Ann  Arbor,  Michigan  1392as 

Kenneth  C.  Compton,  Columbia.  Missouri  986v 

A.  F.  Cone,  Port  Washington,  ''Wisconsin  936v 

Walter  E.  Conklin,  Syracuse,  New  York  203Ias 

T.  J.  Connelly,  Chicago,  Illinois  l479v 

Frank  J.  Connolly,  Los  Angeles,  California  I626v 

The  Connor  Lumber  &  I^nd  Co.,  Wakefield,  Michigan 

1192s 

Gordon  R.  Connor,  Wakefield,  Michigan  141v 

Ray  C.  Connor,  Dearborn,  Mich.  1230v 

W.  D.  Connor,  Marshfield,  Wisconsin  63v 

John  J.  Connors,  Jr.,  Olympia,  Washington  1849v 

W.  P.  Conyers,  Jr.,  Spartanburg,  South  Carolina  507v 
Franklin  W.  Cook,  Portland,  Or»on  424v 

John  E.  Evan  Cook,  London  S.  E.,  England  1077a 

Thomas  H.  Cook,  Chicago,  Illinois  947v 

Thomas  M.  Cook,  New  York,  New  York  169v 

Donald  B.  Cope,  Cumberland,  Wisconsin  1468v 

Harold  A.  Core,  Syracuse,  New  York  2065v 

Dr.  Alfred  J.  Corey,  Edmunston,  N.  B.  547v 

James  B.  Corlett,  Seattle,  Wasnington  2048as 

George  F.  Cornwall,  Portland,  Oregon  2183a 

Rosario  T.  Cortes,  Laguna,  Philippines  901v 

Marc  A.  Corti,  Springdale,  Connecticut  1012v 

Frank  W.  Cortright,  Washington,  D.  C.  105v 

David  Countryman,  Tacoma,  Washington  1046v 

Gordon  N.  Coward,  Portland,  Oregon  334v 

J.  E.  Cowlishaw,  Grand  Rapids,  Michigan  1780v 

H.  J.  Cox,  Eugene,  Oregon  66v 

Charles  I.  Coyle,  Ames,  Iowa  1128v 

Robert  Craig,  Jr,,  Ann  Arbor,  Michigan  919v 

Walter  F.  Craig,  Salisbury,  Maryland  300v 

L.  W.  Craigo,  Chicago,  Illinois  1068a 

Arthur  P.  Cramer,  Lynwood,  California  628v 

Lee  W.  Crandall,  Madison,  Wisconsin  722v 

Helen  Jane  Cranston,  Washin^on,  D.  C.  438a 

Jay  H.  Cravens,  Williams,  Arizona  1277as 

Crawford  Furniture  Mfg.  Corp.,  Jamestown,  New  York 
,  -  2034s 

James  R.  Crawmer,  Bedford,  Ohio  1745v 

T.  K.  Creal,  Warren  Pennsylvania  620v 

Thomas  H.  Creightot^  New  York,  New  York  633a 

Donald  M.  Crooks,  Chicago,  Illinois  827v 

Harold  S.  Crosby,  Oshkosh,  Wisconsin  3v 

K,  G.  Chesley,  Crossett,  Arkansas  4215 

Edward  L.  Croston.  Tacoma,  Washington  991a 

Irma  M.  Crouse,  Chicago,  Illinois  2131a 

John  Crowe,  Wellington,  New  ^aland  909v 

Harry  Crump,  Detroit,  Michigan  l663v 

Carl  L.  Cue,  Chicago,  Illinois  1090a 

Leonard  E.  Cumming,  North  Tonawanda,  New  York  2010v 
Jack  B.  Cunningham,  Burbank,  California  143v 

James  T.  Currie,  Auckland,  New  Zealand  984v 

Curtis  Co.,  Inc.,  Clinton,  Iowa  I498s 

Frost  S.  Cutter,  Milwaukee,  Wisconsin  1096v 

E.  J.  Cutting,  Hampton,  South  Carolina  67Iv 


D 

Robert  A.  Dahlquist,  Tacoma,  Washington 
Roland  B.  Daley,  Indianapolis,  Indiana 
C.  F.  Dally,  Seattle,  Washington 
Herbert  S.  Damon,  New  Haven,  Connecticut 
S.  T.  Dana,  Ann  Arbor,  Michigan 
Robert  E.  Dant,  Vancouver,  Washington 
A.  M.  Dantzler,  Perkinston,  Mississippi 
William  N.  Darwin,  Norris,  Tennessee 
N.  C.  Das,  Upper  Assam,  India 
Chester  D.  Davis,  Adair  Village,  Oregon 
Edward  M.  Davis,  Madison,  Wisconsin 
H.  L.  Davis,  New  Orleans,  Louisiana 
James  E.  Davis,  Lyons  Falls,  New  York 
Kenneth  P.  Davis,  Missoula.  Montana 
Richard  E.  Davis,  Atlanta,  Borgia 
Robert  W.  Davis,  Washington,  D.  C. 

W.  Lipscomb  Davis,  Nashville.  Tennessee 
George  A.  Day,  Berlin,  New  Hampshire 
Ralph  K.  Day,  Columbus,  Ohio 
George  W.  Dean,  Charlottesville,  Virginia 
lean  F.  De  Beukelaer,  Antwerp.  Belgium 
N.  A.  De  Bruyne.  Cambridge,  England 
A.  D.  Decker,  Newport,  Washington 


930a 
1284v 
798v 
2098as 
721v 
1683V 
191v 
2032v 
1311V 
2028as 
1792V 
891a 
1730a 
1924v 
32  3 V 
lOlv 
1367v 
78v 


92v 

331a 

663a 

1002V 

399v 


E.  Everett  Decker,  ^ringfield,  Massachusetts  731v 

Russell  C.  Deckert,  East  Lansing,  Michigan  ll40v 

Deer  Park  Lane  Industry,  Inc..  Deer  Park.  Washington 

1313s 

Mark  W.  Deichman,  State  ColleM,  Pennsylvania  2072as 
Eugenio  De  La  Cruz,  Laguna,  Philippines  900v 

Jacques  De  Liniers,  Montreal,  Quebec,  Canada  378v 

william  J.  Delmhorst,  Boonton.  New  Jersey  1518v 

Thomas  J.  Dempsey,  Yonkers,  New  York  1767v 

W.  T.  Denman,  Jr.,  Fernwood,  Mississippi  784v 

Henry  J.  Dentzman,  St.  Louis,  Missouri  1226v 

R.  T.  DePan,  Downington.  Pennsylvania  1382v 

J.  F.  de  Pomeroy,  Portland,  Oregon  702a 

Hugh  DePree,  Zeeland,  Michigan  2186v 

Ralph  L.  Dichter,  Corvallis,  Oregon  2024as 

D.  £.  Dick,  Worcester,  Massachusetts  1266as 

M.  Everett  Dick,  Holland,  Michigan  1229v 

Elmer  C.  Dickerson,  Sheboygan,  Wisconsin  224lv 

Fred  E.  Dickinson,  New  Haven,  Connecticut  333v 

Clarence  W.  Dietterich,,  Atlanta,  Georgia  1312v 

Dierks  Lumber  &  Coal  Co.,  Mountain  Pine,  Arkansas 

1180s 

Albert  G.  H.  Dietz,  Cambridge,  Massachusetts  172v 

Oliver  D.  Diller,  Wooster,  Ohio  600v 

Gordon  P.  Dillon,  Mt.  Vernon.  Ohio  943v 

Lloyd  E.  Dimond,  Louisville.  Kentucky  1113v 

Frank  Dinger,  Jr.,  Tacoma,  Washington  1323v 

Raymond  H.  Dingman,  Grand  Rapids,  Michigan  940v 
Charles  Edwin  Dixon,  Victoria,  Australia  910v 

Grant  Dixon,  Jr.,  Spokane,  Washington  1867v 

Robert  E.  Dodd,  North  Tonawanda,  New  York  2211v 
Wm.  Donilovich,  Jackson,  California  1973v 

Rodger  M.  Dorland,  Sault  Ste.  Marie,  Ontario,  Canada 

2201V 

Edward  R.  Dornoff,  Chicago.  Illinois  830a 

Henry  Dorr,  Jr.,  Auburn,  Alabama  I648v 

C.  D.  Dosker,  Louisville,  Kentucky  1103v 

Heniy  A.  Dotter,  Vancouver,  Washington  l487v 

Manfred  I.  Douglas,  Buffalo,  New  York  1363as 

The  Dow  Chemical  Co.,  Midland,  Michigan  1339s 

Lionel  E.  Dowd,  Longview,  Washington  637v 

Downingtown  Mfg.  Co.,  Downington,  Pennsylvania  1381s 
Douglas  Fir  Plywood  Association,  Tacoma,  Washington 

1131s 

Elwyn  N.  Doyle,  Frederictorr  N.  B.,  Canada  1997as 

John  B.  Drakos,  Hartford,  Connecticut  ,  1343a 

Draper  Corporation.  Beebe  River,  New  Hampshire  1213s 
John  W.  Dregge,  Grand  Rapids,  Michigan  1372v 

R.  F.  Dreitzler,  Seattle,  Washington  I64lv 

Everett  G.  Drew,  Portland,  Oregon  137v 

L.  P.  Drew,  Omaha,  Nebraska  649v 

John  T.  Drow,  Madison,  Wisconsin  763v 

J.'  R.  Druhan,  Mobile,  Alabama  1094v 

Ray  C.  DuBrucq,  Leeronia,  Ohio  2242v 

Alfred  E.  Duggan,  Lydnw.  Gloucestershire,  England  1393v 
The  Dunbar  Furniture  Mfg.  Co..  Berne,  Indiana  ll63s 
Gordon  A.  Duncan,  Seahurst,  Washinrton  340v 

C.  B.  Dunham,  Port  Alberni,  B.  C.,  Canada  360v 

M.  E.  Dunlap,  Madison,  Wisconsin  741v 

V.  C.  Dunlap,  La  Lima.  Honduras  1371v 

Paul  M.  Dunn,  Corvallis,  Oregon  1038v 

Guillermo  Durana,  Ann  Arbo.r,  Michigan  1843as 

William  D.  Durland,  New  Orleans,  Louisiana  846v 

Sterling  H.  Durst,  Louisville.  Kentucky  2043v 

Donald  E.  Dyson,  Seattle,  Washington  1907v 

E 

G.  Harold  Earle,  Hermansville,  Michigan  382a 

W.  Jeter  Eason.  Memphis.  Tennessee  2229v 

John  W.  East,  Durham,  Nonh  Carolina  _  1709as 

Harvey  V.  Eastling,  San  Francisco.  California  2044a 

Eatonville  Lumber  Co.,  Tacoma.  Washington  73s 

Geo.  A.  Eckweiler.  Hoosick  Falls,  New  York  433a 

R.  L.  Efurd.  Jr.,  Bossier  City,  Louisiana  1966v 

William  R.  Egbert,  Herkimer,  New  York  687v 

Norbert  I.  Eggert.  Chicago.  Illinois  1302v 

Ctrl  F.  Ehelebe,  Berkeley,  California  1366a$ 

W.  D.  Eisenhauer,  Berlin,  New  Jersey  422v 

Roger  W.  Eisinger,  Bethesda,  Maryland  1320a 

Walter  A.  Ellinger,  Sheboygan,  Wisconsin  2122v 

Sigmund  H.  Ellingson,  Unity,  Oregon  1749v 

Donald  S.  Elliott,  West  Newton.  Pennsylvania  208v 

Richard  H.  Elliott.  Indianapolis,  Indiana  1232v 

Arthur  Leanord  Ellis,  Chicago,  Illinois  707a 

Everett  L.  Ellis,  Moscow,  Idaho  273v 

Armin  Elmendorf,  Chicago.  Illinois  470v 

Judson  D.  Elston,  Chicago.  Illinois  683v 

,  H.  S.  Embree.  Chicago,  Illinois  394v 

Rollo  F.  England.  Seattle,  Washington  1397as 

A.  R.  Entrican,  Wellington,  New  Zealand  631v 

Leyden  N.  Erirksen,  Berkeley,  California  633v 

Edwin  C.  O.  Erickson,  Madison.  Wisconsin  770v 

Enar  Erickson,  Port  Angeles,  Washington  1912v 
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have  for  many  years  proved  to  be 
the  most  accurate,  dependable  and 
versatile  of  all  moisture  meters. 


trlcal  conductance,  which  varies  with  mois¬ 
ture  percentage,  and  not  on  electrical  capaci¬ 
tance,  which  varies  with  the  weight  of  water 
content.  Therefore  the  density  of  wood, 
whether  hickory  or  the  lightest  balsa,  has 
negligible  effect  upon  the  meter  reading.  Cor¬ 
rections  for  species  are  seldom  more  than 
a  small  fraction  of  the  indicated  percentage, 
and  usually  may  be  disregarded  except  for 
the  closest  of  determinations.  If  the  meas¬ 
urement  were  based  on  capacitance,  which 
varies  with  weight  and  not  percentage  of 
moisture,  the  same  meter  reading  would  indi¬ 
cate  quite  different  percentages  depending  on 
the  density  of  the  wood — far  higher  per¬ 
centages  for  light  species  than  for  dense 
species.  And  even  in  the  same  piece  of  wood 
the  denser  parts  would  read  higher  than  the 
lighter  parts. 

No  other  meters  have  such  wide  moisture 
ranges — from  below  2%  up  to  35%,  70%, 
160%,  at  normal  temperatures.  Some  other 
makes  of  meters  do  not  measure  the  lowest 
percentage  of  their  advertised  range  unless 
the  wood  temperature  is  at  least  130°  F.  At 
such  high  -temperature  our  own  2%  gauges 
will  measure  wood  of  zero  moisture  content. 
Kaydel  Gauges  cost  less  than  other  meters 
of  comparable  moisture  ranges  and  equipment. 
Do  you  want  a  simple,  accurate,  depend¬ 
able,  versatile,  light,  portable  moisture 
meter?  Then  buy  a  Kaydel  Gauge. 

KAYDEL  MOISTURE  GAUGES 

Suite  208, 126  Liberty  St.,  New  York  6,  N.Y. 


Calibration  and  accuracy  are  self-sustained. 
The  fully  comparative  method  of  moisture 
measurement  automatically  compensates  for 
battery  voltages,  condition  of  electron  tube 
and  other  variables.  No  adjustment  whatever 
is  required,  either  before  or  during  tests. 

Instantly  interchangeable  contactors  of  dif¬ 
ferent  types  for  testing  all  forms  of  material 
— flat,  curved,  or  irregular  in  shape,  smooth 
or  rough  in  surface — thick  wood  as  well  as 
the  thinnest  of  veneers. 

Only  a  single  instrument  is  required,  and 
not  a  separate  moisture  meter  for  each  purpose. 
Moisture  gradients  detected  and  determined 
in  a  few  moments,  without  cutting  or  sam¬ 
pling,  by  applying  in  turn  two  interchangeable 
contactors  of  different  depths  of  electrical 
field  and  penetration — a  needle-point  contactor 
and  a  Kaydel  Presure  Contactor,  which  pene¬ 
trates  only  electrically  and  not  with  points. 

It  has  been  found  that  if  there  is  a  drying 
gradient,  wood  must  be  probed  to  a  depth  of 
at  least  one-fifth  of  its  thickness  so  as  to  tap 
the  level  of  average  moisture.  If  electrodes 
are  applied  merely  to  the  surface,  and  there 
is  a  drying  gradient,  any  moisture  meter  will 
indicate  too  low  a  content,  and  very  much 
below  the  actual  average  if  the  gradient  is 
steep  between  surface  and  core.  And  this  is 
true  whether  the  meter  is  of  the  conductance 
type  or  if  it  is  of  the  capacitance  type. 

The  moisture  measurement  is  based  on  elec- 
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Hatrey  D.  Erickson,  Seattle,  Washington  2S8v 

Lambert  T.  Erickson,  Toledo,  Ohio  4Mv 

L.  E.  Ernest,  New  Albany,  Indiana  414v 

Roy  J.  Erson,  Eveleth,  Minnesota  193}v 

Walter  C.  Erson,  Fleetwood,  Pennsylvania  1879v 

Leif  D.  Espenas,  Corvallis,  Oregon  llllv 

Gustavus  J.  Esselen,  Boston,  Msasachusetts  70v 

Arnulf  K.  Esterer,  Longview,  Washington  280v 

Edward  F.  Etzel,  East  Haven,  Connecticut  1129v 

Eugene  J.  Evancoe,  Renov(v  Pennsylvania  19}8v 

H.  E.  Everley,  Cincinnati,  Ohio  1549v 

Everett  Piano  Co.,  South  Haven,  Michigan  1212s 

Henry  B.  Everett,  San  Francisco,  California  1762v 

Robert  T.  Evju,  San  Francisco,  California  1038v 

A.  I.  Ewan,  Kendallville,  Indiana  2191v 

Exchange  Sawmills  Sales  Co.,  Kansas  City,  Missouri  1214s 

F 

Glenn  S.  Face,  Tacoma,  Washington  2080as 

_A.  L.  Fader,  Chicago,  Illinois  2133v 

'Edward  Fagan,  New  York,  New  York  l655v 

Carl  Fahlstrom,  Longview,  Washington  200v 

George  B.  Fahlstrom,  Bainbridge,  New  York  344v 

Robert  Faist,  Spring  Valley,  New  York  1290v 

Thomas  F.  Fallon,  New  Haven,  Connecticut  913v 

P.  W.  Fanelli,  New  York,  New  York  1682a 

Eduard  Farber,  WashinMon,  D.  C.  223v 

Eugene  D.  Farley,  Portland,  Oregon  1031v 

Joseph  Farley,  Berkeley,  California  639a 

G.  E.  Farlinger,  Sioux  Lookout,  Ontario  I643a 

C.  Eugene  Farnsworth,  Syracuse,  New  York_  1899v 

Clarence  W.  Farrier,  Sewickley,  Pennsylvania  31 5v 

M.  C.  Faulkner,  Grand  Haven,  Michigan  899v 

R.  B.  Fehren,  Portland,  Oregon  1596v 

Gustav  J.  Fehrenbach,  Los  Angeles,  California  609v 

E.  S.  Fellows,  Calgary,  Alberta,  Canada  697v 

Robert  B.  Fellows,  Tuscaloosa,  Alabama  244v 

Ralph  E.  Ferdinand,  Boston,  Massachusetts  ll68v 

A.  E.  Ferguson,  Los  Angeles.  California  4lv 

T.  H.  Ferguson,  Cleveland.  Ohio  1042v 

C.  J.  Fernandes,  Bombay  Province,  Poona,  India  2033v 

Edwin  Ferraris,  Zig  Zag,  Oregon  2232v 

Willard  V.  Fichtel.  Jamestown,  New  York  2038v 

Harry  C.  Fidler,  Elkins,  West  Virginia  1116a 

Maynard  W.  Files,  Augusta,  Maine  1384v 

T.  J.  Fillas,  Denver  Colorado  174lv 

Wm.  C.  Finley,  Chicago,  Illinois  104v 

Firpine  Products  Co..  Portland.  Oregon  1152s 

E.  J.  Fishbaugh,  Oak  Park,  Illinois  9Mv 

David  M.  Fisher,  Raymond.  Washington  1344v 

H.  F.  Fisk,  Minneapolis,  Minnesota  887v 

Leon  M.  Fiske,  Jr.,  New  Haven,  Connecticut  1693as 

Keith  G.  Fisken,  Seattle,  Washington  1742v 

Thomas  M.  Fitzgibbons,  Meriden,  Connecticut  1870v 

J.  J.  Fitzpatrick  Lumber  Company,  Madison,  Wisconsin 

483s 

James  R.  Fitzpatrick,  Chicago,  Illinois  1373a 

George  C.  Flanagan,  Medford,  Oregon  247v 

Thomas  Fleming,  Ir.,  Tacoma,  Washington  I48v 

Edgar  T.  Fleener,  New  Palestine,  Indiana  l486as 

Herbert  O.  Fleischer,  New  Haven.  Connecticut  I4i9v 
James  P.  W.  Fluhr,  Holland.  Michigan  l424as 

Albert  C.  Foley,  Paris.  Illinois  ,  562v 

Philip  S.  Foley,  Ann  Arbor,  Michigan  1378as 

F.  Powell  Forbes.  Newark.  New  Jersey  72v 

Forest  Products  Treating  Co.,  Portland.  Oregon  1193s 
Forest  Research  Institute  &  College,  Dehra  Dun,  C.  P., 

India  1003s 

Henry  A.  Foscue,  High  Point.  North  Carolina  1632v 

Howard  S.  Foster,  York.  Pennsylvania  596v 

Fox  Brothers  Mfg.  Co..  St.  Louis.  Missouri  1075s 

Abbott  M.  Fox.  Iron  Mountain,  Michigan  l43v 

C.  W.  Fox,  Portland.  Oregon  1050v 

Bernard  David  Fraden,  Chicoutimi.  P.  Q.,  Canada  6l2v 
Giovanni  F.  Franciosi.  Napoli,  Italy  l407v 

Per  Gerhard  Frang,  Oslo,  Norway  583v 

Bernard  K.  Frank,  Portland.  Oregon  1897v 

H.  Fary,  Jr..  Stratton,  Maine  1722v 

M.  Fraser,  Honolulu.  Hawaii  '  1019a 

R.  C.  Fraunberger,  Philadelphia,  Pennsylvania  446v 

Gordon  L.  Freedman.  Charlevoix,  Michigan  818v 

David  W.  French,  New  Brighton,  Minnesota  1369as 

A.  M.  Freeman,  New  York,  New  York  343v 

Dale  D.  Freeman. _  South  Bend,  Indiana  2033v 

John  M.  Frey,  Chicago,  Illinois  1036v 

Frick  Company,  Waynesboro,  Pennsylvania  1467s 

Thomas  H.  Friedlin,  New  York,  New  York  399v 

Karl  W.  Fries.  Rhinelander,  Wisconsin  179v 

L.  V.  Frisch,  St.  Helens.  Oregon  2181v 

Emanuel  Fritz,  Berkeley.  California  31v 

Emerson  L.  Frost,  Pittsford,  Vermont  I368as 


R.  G.  Fulcher.  Sparta,  Tennessee  1686v 

J.  Donald  Fuller,  Seattle,  Washington  893v 

Edmund  H.  Fulling,  New  York,  New  York  1834v 

C.  L.  Fulp,  Ketnersville,  North  Carolina  1343v 

W.  H.  Fulweiler,  Philadelphia,  Pennsylvania  90^ 

Fyles  &  Rice  Co.,  Inc.,  Bethel,  Vermont  1131s 


Silvio  Gagliardi  Buenos  Aires,  Argentina  1063v 

Harry  Galber,  Seattle,  Washington  800v 

J.  D.  Gallagher,  Philadelphia,  Pennsylvania  494v 

Thos.  P.  Gallagher,  Albuquerque,  New  Mexico  868v 

Wilvan  A.  Gardner,  Flint,  Michigan  1373a 

Hereford  Garland,  Houghton,  Michigan  83v 

G.  G.  Garlick,  Kalamazoo,  Michigan  371v 

George  Garlick,  Birmii^ham,  England  669v 

Henry  Garnjobst,  Jr.,  Chicago,  Illinois  786v 

George  A.  Garratt,  New  Haven,  Connecticut  4v 

R.  E.  Garrett,  Pickford,  Michigan  2144v 

Prem  Gary,  Jersey  City,  New  Jersey  750v 

R.  H.  Gasch,  New  York,  New  York  472v 

George  A.  C^st,  Chicago,  Illinois  1601v 

Harold  B.  Gatslick,  Charlotte,  North  Carolina  1728v 

Ernst  Gaumann,  Zurich,  Switzerland  1211v 

Walter  H.  Gay,  Memphis,  Tennessee  173v 

Kenneth  P.  Geoh^an,  Dayton,  Ohio  136lv 

T.  M.  Gepford,  Tacoma,  Washington  1325v 

W.  Linton  C^tz,  Elkins  Park,  Penn^lvania  554v 

Elmer  A.  Gerber,  Sheboygan  Falls,  Wisconsin  1677v 

Robert  M.  Gerfin,  Westernport,  Maryland  209v 

W.  J.  Gerhardt,  Cincinnati,  Ohio  1343v 

Eloise  Gerry,  Madison,  Wisconsin 

Edmund  N.  Giles,  Jr.,  State  College,  Pennsylvania  900v 
J.  Laurent  Giles,  Lymington,  England  1379v 

James  L.  Gilkey,  Dayton,  Oregon  1394as 

William  P.  Gillespie,  Philadelphia,  Pennsylvania  2176v 

Paul  GilleC  Hamme,  Belgium  133Iv 

Raymond  C.  Gilman,  Jr.,  Syracuse,  New  York  l483as 
Eugene  W.  Gilmore,  Jr.,  New  York,  New  York  1832v 
Thomas  G.  Gill,  Washington,  D.  C.  42v 

J.  Stokes  Gillespie,  Detroit,  Michigan  <  1337v 

A.  H.  Gillmor,  Kamloops,  British  Columbia  1443v 

Stanley  T.  Ginsburg.  Oshkosh,  WiKonsin  2171v 

F.  B.  J.  Gips,  The  Hague,  Holland  863v 

John  H.  Gividen,  Berne,  Indiana  107v 

William  E.  Glabau,  New  Britain,  Connecticut  1391as 
Roland  A.  Glaze,  St.  Paul,  Minnesota  630v 

Ralph  H.  Gloss,  Washington,  D.  C.  224v 

David  R.  Godwin,  Raleigh,  North  Carolina  1833as 

Ira  Goldring,  Las  Vegas,  Nevada  l637v 

Milton  Goll,  Elizabeth,  New  Jersey  336v 

F.  D.  Goodwin,  Shreveport,  I^uisiana  1802v 

Ronald  G.  Goodwin,  New  York,  New  York  366a 

Arthur  W.  Goos,  Marquette,  Michigan  36v 

Aaron  Gordon,  Berkel^,  California  922v 

Alan  Gordon,  Victoria,  Australia  701v 

J.  L.  Gordon,  Lexington,  North  Carolina  1233v 

Seth  Gordon,  Jr.,  Blacksburg,  Virginia  2009v 

Fred  W.  Gottschalk,  Chicago,  Illinois  3v 

Roy  A.  Gould.  Glenwood,  Oregon  1280v 

K.  H.  Graham.  Gainesville,  Fla.  ,  1121v 

Paul  H.  Graham,  Manchester,  New  Hampshire  242v 

Robert  D.  Graham,  Corvallis,  Oregon  639v 

John  E.  Granson,  Ames.  Iowa  718v 

B.  F.  Grant,  Athens,  Georgia  1704v 

Jack  E.  Grant,  Jewell,  Oregon  2002v 

John  H.  Grant,  Jr.,  Portland,  Maine  1896v 

John  B.  Grantham,  Corvallis,  Oregon  188v 

Hugo  L.  Grass,  Manchester,  New  Hampshire  251v 

G.  W.  Graves,  Lyon  Mountain,  New  York  1296v 

C.  T.  Gray,  Stockton,  California  310v 

Rust  F.  Gray.  Beloit,  Wisconsin  _  _  752v 

Great  Lakes  Lumber  &  Shipping,  Ltd.,  Fort  William,  On¬ 
tario  1650s 

Albert  J.  Green.  Batesville.  Indiana  1199a 

Burden  Green,  Chicago,  Illinois  988v 

Frederick  W.  Green,  South  Norwalk,  Connecticut  284v 
Henry  C.  Green,  Grand  Rapids,  Michigan  2179v 

Russell  W.  Green,  Batesville.  Indiana  1198v 

David  H.  Greene.  Otsego,  Michigan  I448v 

R.  C.  Greene,  Tallapoosa,  Georgia  706v 

Greenlee  Tool  Co.,  Rockford,  Illinois  1175s 

J.  A.  Greenwald.  Jr..  Tampa,  Florida  1725v 

G.  Douglas  Gremmel,  Roseburg,  Oregon  1323as 

Victor  Grenning,  Brisbane,  Australia  •  734v 

Fred  Gretsch.  Jr.,  Brooklyn,  New  York  855v 

Attmore  E.  Griffin,  Newark,  New  JetsCT  404v 

W.  B.  Griffin.  Jr.,  Goldsboro,  North  Caroling  1082v 
Luther  O.  Griffith,  Huntington.  West  Virginia  1308v 

Donald  C.  Grimm.  Rockville  Centre,  New  York  I640as 
Charles  William  Grindell.  Strand,  London,  England  872v 

H.  Grinder,  Devon,  England  874v 
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GENERAL  OFFICES 


E.K.  WOOD  LUMBER  CO 


P.  O.  Box  1 61 8.  OAKLAND,  CALIFORNIA 


SALES  OFFICES 

4710  S.  ALAMEDA  ST. -LOS  ANGELES 
727  KENNEDY  ST.- OAKLAND 
827  TERMINAL  SALES  BLDG.  -  PORTLAND 


CUSTOM  KILN  DRYING 

Aircraft— Hardwoods — Softwoods 
Cross  Circulating  Kilns — 

Fully  Automatic 
Resawing  and  Surfacing 
Pattern  Items  and  Mouldings 

LUMBER  MANUFACTURERS 

INC. 

2530  S.  E.  Steele  St. 
PORTLAND  2,  OREGON 


CARBOLOY  CUTTING  TOOLS 


are  designed  to  give  unequalled  cutting  efficiency  and  economy. 
Redco  tools  do  better  work,  faster,  and  at  less  cost. 

Redco  tools  are  sensibly  priced;  on  many  items,  only  slightly 
higher  than  high-speed  steel  tools. 

With  the  Redco  grinder,  you  can  regrind 
all  your  Redco  tools  with  utmost  precision, 
the  operation  is  simple  and  the  cost,  low. 

WRITE  FOR  DESCRIPTIVE  LITERATWE  * 


Th*  easily  operated  Redco 
Grinder  set  up  to  regrind 
a  Redco  Saw. 


REDCO  TOOL  DIVISION 

RED  LION  CABINET  CO. 

RED  LION  •  PENNA. 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Adolph  R.  Groncki,  Rockford,  Illinois  l)86v 

Bror  L.  Grondal,  Seattle,  Washington  6v 

Edward  A.  Gross,  Oakland,  California 
Gardner  K.  Grout,  Pasadena,  California  1444a 

Joseph  O.  Grove,  Glenwood,  Minnesota  1882a 

Arthur  E.  Gruhl,  Tacoma,  Washington  1394v 

J.  M.  Gruitch,  New  York,  New  Tork  1891v 

Frederick  W.  Guernsey,  Vancouver,  B.  C.  8}9v 

E.  H.  Guest,  New  Rochelle,  New  York  2C74v 

Peter  F.  Guest,  Syracuse,  New  York  2075as 

John  K.  Guiher,  East  Lansing,  Michigan  1978v 

Paul  K.  Guillow,  Wakefield,  Massachusetts  2138v 

W.  A.  Gullicksen,  Chicago,  Illinois  138v 

Gunnison  Homes,  Inc.,  New  Albany,  Indiana  1132s 

I.  M.  Gurd.  New  Westminster.  B.  C.  847v 

Joseph  E.  Gurvitch,  Springfield,  Massachusetts  80dv 

Charles  R.  Gustafson,  Louisville,  Kentucky  4l6a 

Harold  E.  Gustin,  Ruston,  Louisiana  981v 

William  H.  Guttentag,  La  Tuque,  Quebec  2132v 


449v 

13«as 

201v 

598v 

1088V 

I460v 

1681V 


H 

Lyle  C.  Haack,  Chicago,  Illinois 
Harvey  Haber,  Brooklyn,  New  York 
George  R.  Hackett,  Vancouver,  B.  C. 

E.  C.  Haff,  Orangeburg.  South  Carolina 

Gorden  F.  Hageman,  Chicago.  Illinois 
Owen  Hagen,  Stockton,  California 
Francis  W.  Hagertv,  Cohasset,  Massachusetts 
Andrew  F.  Haiduck,  Farmingdale,  Long  Island,  New  York 
.  .  '  1433a 

lohn  A.  Haislet,  Athens,  Georgia  2003as 

Richard  A.  Hale,  II,  Lisbon  Falls,  Maine  1262as 

Dr.  Horace  Hall.  Chattanooga,  Tennessee  802v 

I.  Alfred  H’ll.  Portland.  Oregon  746v 

Loren  Hall,  Diamond  Spring,  California  1989v 

Clint  Hallsted,  San  Francisco,  California  ,  338v 

I.  L.  Halsted,  Sr.,  Jeannette,  Pennsylvania  ‘  1294v 

Irving  L.  Halsted,  Scottdale,  Pennsylvania  1283v 

James  F.  Hamilton,  Lansdale,  Pennsylvania  7v 

Orrie  W.  Hamilton,  Los  Angeles,  California  62v 

J.  H.  Hamlen,  Little  Rock.  Arkansas  1876v 

Philip  C.  Hamm.  Seattle.  Washington  460v 

Richard  N.  Hammond,  Longview,  Washington  8v 

Hammond  Lumber  Co.,  Los  Angeles,  California  1179s 

M.  A.  Hamrick.  Chicago,  Illinois  487v 

David  H.  Hanaburgh,  Buchanan,  New  York  1785v 

Charles  L.  Hanchett,  Wabash.  Indiana  I071v 

Kent  Hanchett,  Bijt  Rapids.  Michigan  2041a 

C.  P.  Hancock.  Grand  Rapids.  Michigan  1346v 

F.  M.  Hanes,  Conroe.  Texas  434v 

F.  P.  Hankerson,  St.  Louis,  Missouri  882v 

William  M.  Hanley,  Seattle,  Washington  1777as 

Frank  I.  Hanrahan,  Washington,  D.  C.  4l3v 

Clifford  B.  Hansen,  Burnie.  Tasmania,  Australia  1126v 
Ray  C.  Hansen,  Portland,  Oregon  700v 

Robert  A.  Hansen,  Ames.  Iowa  1808as 

H.  H.  Harding,  Eureka.  California  I932v 

Lester  J.  Harding,  Bradwood,  Oregon  l402v 

Robert  W.  Harding,  De  Quincy,  Louisiana  369v 

Q.  T.  Hardtner,  Urania,  Louisiana  133v 

Holt  Hardwood  Co.,  Oconto,  Wisconsin  1134s 

William  K.  Harper.  Chicago,  Illinois  781v 

Arthur  B.  Harris.  Jr..  Bethel,  Connecticut  2I03v 

Ellwood  S.  Harrar,  Durham.  North  Carolina  321v 

Elwin  E.  Harris,  Madison,  Wisconsin  180v 

Glen  P.  Harris,  Springfield,  Massachusetts  77v 

Stanley  L.  Harris,  B.  C.,  Canada  1748v 

L.  Raymond  Hsrshman,  Memphis,  Tennessee  2090a 

Hart  Moisture  Gauges,  Inc.,  New  York,  New  York 
Floyd  Hart,  Medford.  Oregon  1733v 

Carl  Hartley.  Beltsville,  Maryland  423v 

George  B.  Hartman,  Ames,  Iowa  776v 

J.  F.  Haskins.  Canton,  Mississippi  1344v 

N.  B.  Haston,  Fo't  Payne,  Alabama  2004a 

D.  G.  Hatchard,  Baltimore,  Maryland  1860a 

George  T.  Hauck,  Jr..  Cortland,  New  York  1996as 

Martin  Hawrylow,  Oshkosh.  Wisconsin  481v 

D.  L.  Haynes.  Sandpoint.  Idaho  98^ 

William  V.  Haynes,  Boston.  Massachusetts  1032v 

Phillips  A.  Hayward,  Louisville,*  Kentucky  2073v 

I.  M.  Healy.  Redmond.  Oregon  20l4v 

Richard  P.  Hedbolm,  Gloucester,  Massachusetts  I664v 

Bruce  G.  Heebink,  Middleton,  Wisconsin  262v 

Charles  D.  Heidemann,  Chicago,  Illinois  161  Iv 

Ray  E.  Heiks,  Columbus.  Ohio  376v 

Eino  Heinonen,  Buenos  Aires,  Argentina  1021a 

Gilbert  L.  Heitert,  St.  Louis.  Missouri  1103v 

Henry  R.  Heller,  Jr..  New  York.  New  York  10l6v 

Paul  Heller.  New  Westminster,  B.  C.  1973v 

Charles  B.  Hemming,  New  Rochelle.  New  York  9v 

Hiram  L.  Henderson.  Syracuse,  New  York  1933v 

W.  W.  Henderson.  Cleveland.  Ohio  I890v 

J.  P.  Hennessy,  McCloud,  California  1733v 


Charles  S.  Henry,  Madison,  New  Jers^  1311as 

Walter  A.  Henze,  Iron  Mountain,  Michigan  1237a 

T.  E.  Heppensiall,  Longview,  Washington  44v 

Clark  C.  Heritage,  Cloquet,  Minnesota  523v 

C.  H.  Herman,  Medford,  Oregon  1389as 

Miguel  A.  Hernandez-Agosto,  Ann  Arbor,  Michigan  1864as 
Frederick  C.  Herot,  Maple  Heights,  Ohio  403a 

W.  Hertner,  Pratteln,  Switzerland  1006v 

William  J.  Herweg,  Chicago,  Illinois  1833v 

Richard  A.  Hertzler,  Asheville,  North  Carolina  626v 

J.  I.  Hess.  Portland,  Oregon  464v 

Robert  W.  Hess,  New  Haven,  Connecticut  1800v 

P.  S.  Hewett,  Detroit,  Michigan  296v 

Heywood-Wakefield  Co.,  Gardner,  Massachusetts  1204s 

P.  R.  Hicks,  Chicago,  Illinois  486v 

H.  E.  Hickson,  Yorkshire,  England  644v 

Henry  W.  Hicock,  New  Haven,  Connecticut  270v 

Roland  C.  Higgins,  New  Orleans,  Louisiana  1331v 

Alfred  W.  Hielsberg,  St.  Paul,  Minnesota  601v 

P.  R.  Hilborn,  Preston.  Ontario  2235v 

George  N.  Hilfinger,  Brooklyn,  New  York  428v 

Donald  F.  Hill,  Eugene,  Oregon  1990v 

Harold  S.  Hill,  Kenogami,  Quebec  291v 

John  L.  Hill,  New  Haven,  Connecticut  1708as 

Kimball  Hill,  Des  Plaines,  Illinois  I032v 

Robert  F.  Hill.  Springfield,  Massachusetts  1723v 

Robert  F.  Hiller,  Foxboro  Massachusetts  863v 

Robert  L.  Hiller,  Hartland,  Wisconsin  133v 

James  R.  Hillgrove,  jr.,  Sacramento,  California  1883v 

Max.  HilricI^  Long  Aland  City,  New  York  82v 

O.  Hilton,  Warren,  Arkansas  63v 

Edward  Hines  Lumber  Co.,  Chicago,  Illinois  1304s 

Dr.  W.  Hirschkind,  Pittsburg.  California  792v 

Guy  T.  Hobbs,  Dallastown,  Pennsylvania  1356v 

Edgar  P.  Hoener,  Portland,  Oregon  347v 

Mark  Hoeper,  Rockford,  Illinois  1803a 

The  Hofft  Compaiw,  Inc.,  Richmond,  Virginia  2244s 

Fred  A.  Hoerner,  Chicago,  Illinois  1234v 

Charles  H.  Hoffman,  Washington,  D.  C.  225v 

Earl  A.  Hogan,  Kansas  City,  Missouri  1386v 

William  H.  Hoge,  Columbus,  Ohio  l493as 

Robert  A.  Holcombe,  Washington,  D.  C.  226v 

James  M.  Holden,  Corvallis,  Oregon  'l670as 

K.  E.  Hollett,  Des  Moines.  Iowa  330v 

Robert  E.  Hollowell,  Jr.,  New  Haven,  Connecticut  1707as 
LeRoy  A.  Holmberg,  Amory,  Mississippi  I988v 

Carlton  A.  Holmes,  Duluth,  Minnesota  1331as 

David  O.  Holmes.  Kendallville,  Indiana  1237v 

Paul  N.  Holmes,  Madison,  Wisconsin  lOCOv 

Mrs.  Hariy  Holt.  Creswell.  Oregon  1422a 

Reginald  W.  Holt,  New  York,  New  York  1711v 

Edwin  O.  Holter,  Jr..  San  Francisco,  California  1098a 
W.  F.  Holzer,  Camas,  Washington  930v 

Homelite  Corporation,  Port  Chester,  New  York  1182s 
Ransom  P.  Honeywill,  Pittsburgh,  Pennsylvania  1918v 
A.  B.  Hood,  Anderson,  California  1903v 

George  W.  Hood,  Detroit.  Michigan  14l2v 

Leland  W.  Hooker,  Houghton,  Michigan  2194v 

Robert  P.  Hopkins,  Philadelphia,  Pennsylvania  174v 

John  S.  Horn,  Chicago.  Illinois  488v 

Stanley  iF.  Horn,  Jr.,  Nashville,  Tennessee  2185v 

Ge'ard  F.  Horne,  Adair  Village,  Oregon  2226as 

Arthur  C.  Horner,  San  Francisco,  California  402v 

John  S.  Horner,  Dollar  Bay.  Michigan  672v 

Henry  F.  Horton.  Menominee,  Michigan  1525v 

L.  G.  Horvath.  Chicago,  Illinois  408a 

Albert  F.  Hough,  Janesville,  Wisconsin  l469v 

H.  I.  Hough.  Blaine,  Washington  196lv 

Walker  B.  Hough,  Milwaukee,  Wisconsin  1184v 

William  P.  Hous^  Chesham,  New  Hampshire  1945v 

G.  Houtzagers,  Wageningen,  Holland  1981v 

Theron  Howard,  Peoria,  Illinois  1017a 

^aulding  Howe,  Spokane,  Washington  1666v 

Warren  E.  Hoyt.  Los  Anpeles,  California  329v 

V.  F.  Hribar.  Chicago,  Illinois  113v 

C.  E.  Hrubesky,  Madison,  Wisconsin  796v 

lohn  Huberman,  Gatineau,  Quebec  I462v 

Ernest  E.  Hubert.  Spokane,  Washington  1302v 

Stuart  Huckins,  East  Boston,  Massachusetts  71v 

C.  D.  Hudson,  Washington,  D.  C.  834v 

John  L.  Hudson,  Jr.,  Rochester,  New  York  1428as 

Monie  S.  Hudson,  Spartanburg,  South  Carolina  I28v 
Jacob  B.  Huffman,  Brunswick.  Georgia  1397v 

Fred  Hughes,  Sacramento,  California  1760v 

S.  Ward  Hughes,  Philadelphia,  Pennsylvania  1273v 

William  Hulbert  Mill  Co.,  Everett,  Washington  1136s 

G.  D.  Humphrey,  Vancouver,  B.  C.  187v 

Merwin  W.  Humphrey,  State  College,  Pennsylvania  1303a 
George  M.  Hunt.  Madison,  Wisconsin  lOv 

Stuart  S.  Hunt,  Lowell,  Massachusetts  201 3v 

Milon  J.  Hutchinson,  Sussex,  Wisconsin  I44las 

G.  A.  Huth,  Jackson.  Mississippi  l639v 

Marx  Hyatt.  Albany,  Oregon  ll4lv 

John  E.  Hyler,  Peoria,  Illinois  2107v 
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on  the  back 
of  a 

HARDWOOD 


PLYWOOD 

PANEL 


WELDWOOD  PLYWOOD 

The  best-known  brand  of  plywood 
■on  the  market 


UNITED  STATES  PLYWOOD 
CORPORATION 

Executive  Offices:  Weldwooci  Building 
55  West  44th  Street,  New  York  1 8,  N.Y. 

Distributing  Units  and  Branch  Offices  in 
All  Principal  Cities 
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I 

iames  B.  Irmie.  Grand  Rapids,  Michigan  820v 

ames  E.  Imrie,  Grand  Rapids,  Michigan  819v 

H.  E.  Ingalls,  New  York,  New  York  675a 

Richard  H.  Ingersoll,  Rochester,  New  York  1563v 

Brian  J.  Ingoldsby,  Tacoma,  Washington  326v 

Instituto  Technologico  Do  Rio  Grande  Do  Sul,  Porto 
Alegre,  Brazil  1341s 

Clarence  E.  Irion,  Bennington,  Vermont  160v 

D.  B.  Irvin,  Liverpool,  England  859v 

Walter  Irwin,  Columbus,  Ohio  1875a 

Irving  H.  Isenberg,  Appleton,  Wisconsin  313v 

Eric  Wadsworth  Isherwood,  Wem.  Shropshire,  England 

2053v 

Ivory  Pine  Co.  of  California,  Dinuba,  California  1223s 


J 

L.  H.  Jackson,  Atlanta,  Georgia 
Ronald  Jackson,  Equatorial  A.  E.,  Sudan 
G.  R.  Jacob,  Chester,  England 
Hadley  JacoDs,  Chattanooga,  Tennessee 
Leon  a.  Jacobs,  Teaneck,  New  Jers^ 

Bernard  Jacobson,  Loomis,  California 

Ira  Jacobson,  Blackburg,  Virginia 

S.  P.  Jacobson,  Musk^on,  Michigan 

Thomas  H.  Jacobson,  Roseburg,  Oregon 

Morton  S.  James,  Seattle,  Washington 

John  Jander,  Holland,  Michigan 

Jan  Erik  Janson,  Stockholm,  Sweden 

Bill  N.  James,  Ypsilanti,  Michigan 

Herbert  r.  Jefferson,  Seattle,  Washington 

Thomas  E.  Jeffries,  St.  Clair,  Michigan 

R.  W.  Jenner,  Marquette,  Michigan 

Eliot  H.  Jenkins,  Eugene,  Oregon 

C.  T.  Jensen,  Minneapolis,  Minnesota 

Dan  H.  L.  Jensen,  Philadelphia,  Pennsylvania 

Charles  H.  Jeter,  Shreveport,  Louisiana 

Herman  L.  Joachim,  Englewood,  New  Jersey 

A.  E.  Johnson,  Chicago,  Illinois 

Johnson  &  Carlson,  Chicago.  Illinois 

Claude  W.  Johnson,  New  York,  New  York 

0.  R.  Johnston,  Liverpool,  England 

Dalton  D.  Johnson,  Ir.,  Corvallis,  Oregon 

E.  Sigurd  Johnson.  Salem,  Virginia 

Fred  I.  Johnson,  Sheboygan.  Wisconsin 

George  T.  Johnson,  New  Westminster,  B.  C. 

Gladys  E.  Johnson,  Tacoma,  Washington 

James  E.  Johnson,  Spring  Grove,  Pennsylvania 

R.  W.  Johnson,  Chicago,  Illinois 

Ralph  S.  Johnson,  Liverpool,  Nova  Scotia 
Robert  B.  Johnson,  Durham,  North  Carolina 

S.  M.  Johnson,  C^lethorpe  Univ.,  Georgia 

R.  N.  Johnston,  Toronto,  Ontario 
W.  L.  Joiner,  Jr.,  Griffin,  Georgia 
William  W.  Jolly,  Norris,  Tennessee 
Douglas  Jones,  Montreal,  Quebec 

H.  Morton  Jones,  Buffalo,  New  York 
M.  G.  Jones,  Beatrice,  Nebraska 
Robert  E.  Jones,  Spokane,  Washington 

S.  O.  Jones,  Tulsa,  Oklahoma 
Donald  L.  Jordan,  Roanoke,  Virginia 
Lloyd  A.  Jorgenson,  Seattle,  Washington 
Richard  N.  Jorgensen,  West  Haven,  Connecticut 
Alan  H.  Joseph,  Chicago,  Illinois 

Arne  W.  Juola.  Chicago,  Illinois 

J.  E.  Justice,  North  Wilkesboro,  North  Carolina 


537v 

1638V 

857v 

1964v 

1425 

2017V 

I472as 


1888V 

1994as 

2029as 

2202V 

2105V 

1358as 

I653v 

1279V 

1236v 

518v 

539v 

530v 

971v 

I64v 

561a 

1519s 

1387V 

845v 

1532as 

305v 

I620v 

1950V 

1443a 

1887V 

646v 


589v 

1312as 

386v 

20v 

1720V 

826v 

1051V 

I654v 

1018V 

1968v 

862v 


1007V 

1735V 


2097as 

783v 

368v 

1319a 


K 


Theodore  Kachin,  Portland,  Oregon  595v 

W.  H.  Kalhorn,  Metamora,  Illinois  2219v 

D.  S.  Kamesam,  Bangalore,  India  1542v 

Nelis  R.  Kampenga,  Stevens  Point,  WiKonsin  2225a 
Sol  R.  Kaplan,  Brooklyn.  New  York  1298v 

Edwin  F.  iCarges,  Evansville,  Indiana  1500v 

H.  Y.  Kato,  Portland,  Oregon  1883a 

Frank  H.  Kaufert,  St.  Paul,  Minnesota  49v 

Hal  Keely,  Pittsburgh,  Pennsylvania  1080v 

H.  B.  Kehoe.  Chicago,  Illinois  286v 

t,  R.  Keig,  Beaumont,  Texas  370v 

.  P.  Keith,  Chicago.  Illinois  285v 

William  H.  Keller,  Corydon,  Indiana  1528v 

Jwes  D.  Kelley,  Caledonia,  Illinois  2019as 

Thomas  E.  Kelley,  Puyallup,  Washington  744v 

Jack  E.  Kelly,  Durham,  North  Carolina  2083as 

John  E.  Kelly,  Portland,  Oregon  1533as 

Ame  K.  Kemp,  Durham,  North  Carolina  1688as 

Duane  L.  Kenaga,  Stambaugh,  Michigan  1122v 


John  W.  Kendrick,  Chicago,  Illinois  1119v 

Paul  T.  Kennedy,  Seattle,  Washington  1731v 

S.  N.  Kesarcodi,  Poona,  India  602v 

Archibald  S.  Kerr,  Victoria,  B.  C.  6l5v 

Ketchikan  Spruce  Mills,  Ketchikan,  Alaska  1215s 

Verne  Ketchum,  Chicago,  Illinois  321v 

Kiekhaefer  Corporation,  Cedarburg,  Wisconsin  1216s 

John  C.  Killebrew,  Madison,  Wisconsin  <  50v 

Norman  L.  Kilpatrick,  lowa  City,  Iowa  I604v 

W.  W.  Kimball,  Chicago,  Illinois  1055a 

Richard  G.  Kimbell,  Chevy  Chase,  Maryland  120v 

Charles  Kindel,  Grand  Rapids,  Michigan  387v 

Marion  T.  Kinder,  Indianapolis  Indiana  1810as 

Albert  C.  Kindt,  Milwaukee,  Wisconsin  2101v 

Bernard  W.  King,  Beatrice,  Nebraska  1036v 

Earl  King,  Vancouver,  B.  C.  1376v 

George  H.  King,  Jr.,  Canton,  Mississippi  957v 

Woodrow  W.  King,  Durham,  North  Carolina  1362as 
A.  V.  Kinney,  Weiser,  Idaho  1766v 

C.  W.  Kinn^,  Manning,  Iowa  2129v 

W.  A.  Kinnn,  Oakland,  California  563v 

The  Kirk  &  Blum  Mfg.  Co.,  Cincinnati,  Ohio  1153s 

Edward  J.  Kirkpatrick,  Milwaukee,  Oregon  1983as 

L.  W.  Kistler,  St.  Louis,  Missouri  8l6v 

George  Kitazawa,  Washington,  D.  C.  491v 

Noel  E.  Kittell,  Franklin  Park.  Illinois  ^9v 

Walter  C.  Klesnor,  ChicafEO,  Illinois  233v 

Harry  Kine.  Detroit,  Michiftan  803v 

Mason  E.  Kline,  San  Francisco,  California  380v 

|ohn  F.  Kling,  Syracuse,  New  York  2039as 

G.  Klinkenstein,  Newark,  New  Jersey  875v 

William  A.  Kluender,  St.  Paul,  Minnesota  877v 

A.  C.  Knauss.  Portland,  Oregon  713v 

F.  Malcolm  Knapp,  Vancouver,  B.  C.  840v 

Walter  E.  Knapp,  Monroe,  Louisiana  2099v 

Victor  J.  Knies,  Grand  Rapids,  Michigan  2204as 

W.  V.  Knourek,  Chicago,  Illinois  1069a 

John  J.  Knox,  New  York,  New  York  l683v 

Russell  G.  Knutson,  Laurel,  Mississippi  1955v 

Arthur  Koehler,  Los  Angeles,  California  109v 

Paul  H.  Koenig,  Williamsport,  Pennsylvania  2177as 

Walter  H.  Koepp,  Houghton,  Michigan  ,  680v 

Jacques  Kohn,  New  York,  New  York  1045v 

Robert  H.  Koll,  Chicago,  Illinois  I301v 

Rudolph  C.  Konz,  Appleton,  Wisconsin  1189v 

M.  V.  Koonz,  Thomaston.  Connecticut  1355v 

Koppers  Company,  Inc.,  Pittsburgh,  Pennsylvania  1133s 
A.  Koroleff.  Montreal,  Quebec  40^ 

Russell  E.  Kortge,  Grand  Rapids,  Michigan  154lv 

Dr.  J.  Hugo  Kraemer,  Lafayette,  Indiana  556v 

Paul  R.  Kramer,  Lufkin,  Texas  2070v 

Maurice  M.  Kraft,  Chicago,  Illinois  856a 

Samuel  Krajci,  Chicago,  Illinois  540v 

Frank  J.  Krai,  Chicago,  Illinois  I6lv 

Joseph  Kramer,  New  York,  New  York  1475a 

Victor  1.  Kraus,  Cincinnati,  Ohio  l68v 

R.  E.  Krause,  Lake  Charles,  Louisiana  1371v 

Robert  L.  Krause,  Wilmin^on,  Delaware  597v 

Charles  M.  Kreider,  Chicago,  Illinois  l675v 

John  Kretzu,  Honolulu,  Hawaii  2238v 

Robert  A.  Kreuge^  Fort  Atkinson,  Wisconsin  1238v 

E.  J.  Kreutz,  La  Crosse,  Wisconsin  751v 

Kroehler  Manufacturing  Co.,  Naperville,  Illinois  1527s 
J.  J.  Krohn,  Areata,  California  I446v 

John  iF.  Kronenberg.  Bandon,  Oregon  2223v 

M.  H.  Kiuissink,  Chicago,  Illinois  216^ 

C.  C.  Kuehn,  New  York,  New  York  613v 

George  W.  Kuehn,  Belmont,  Massachusetts  794v 

John  G.  Kuenzel,  Washington.  D.  C.  524v 

Robert  M.  Kuhn,  Yuba  City.  California  1076v 

Donald  A.  Kulp,  Urbana,  Illinois  1163v 

Kauko  Kuoppa-Maki,  Brooklyn,  New  York  I447v 

Ervin  F.  Kurth,  Corvallis,  Oregon  43v 

D.  A.  Kurtz,  Aloha,  Waffiington  186^ 

H.  M.  Kvalnes,  Wilmington.  Delaware  1733a 

Kvnell  Industries,  Blaine,  WashinMon  l401s 

William  Kynoch,  Ann  Arbor,  Michigan  864v 


Arthur  Lahey,  Portland.  Oregon  670v 

John  T.  Lamb,  Knoxville,  Tennessee  560v 

G.  E.  LaMothe,  Quebec,  Quebec  269v 

J.  M.  Lancaster.  Inc.,  High  Point,  North  Carolina  1147s 
O.  C.  Lance,  Chicago,  Illinois  47v 

J.  W.  Landino,  Eau  Claire,  Wisconsin  30^ 

J.  S.  Landon,  Nahma,  Michigan  536a 

Edward  H.  Lane,  Jr.,  Altavista,  Virginia  1062v 

Leonard  B.  Lane,  Chicago,  Illinois  1531v 

Fred  H.  Lang,  Little  Rock,  Arkansas  90a 

Jervis  W.  Lang,  Ames,  Iowa  1842u 

Lloyd  Lang,  Crossett,  Arkansas  479v 
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WAX  LUMBER 
COMPANY 

Manfacturers  of 

BAND-SAWN  SOUTHERN  HARD¬ 
WOODS,  PINE  AND  RED 
CYPRESS 

WOODVILLE,  MISSISSIPPI 

Equipped  to  Kiln  Dry — Surface 
and  Resaw 

ASH,  PINE,  BEECH,  POPLAR,  RED  OAK, 
SYQAMORE,  MAGNOLIA,  COTTON¬ 
WOOD,  BLACK  GUM,  BASSWOOD,  SAP 
GUM,  CYPRESS,  CHERRY,  MAPLE. 


TIMBER  PRESERVERS 
LIMITED 

Ft  Trapp  Rood 
NEW  WESTMINSTER,  B.  C. 


Sawmills  Poles 

Prefabricators  Piles 

Pressure  Treating  Ties 

Butt  Treating  Timbers 


Douglas  Fir — ^Western  Hemlock 
— ^Red  Cedar 


A  Complete  Service  to  All  Wood  Users 


711  Equitable  Building 

Portland,  Oregon 


HYDRAULIC  PRESSES 
GLUE  SPREADERS 
GLUE  mXEBS 

ALL  SIZES— ALL  PURPOSES 


Pacific  Coast 
Forest  Products 


CHAS.  E.  FRANCIS  CO. 

HUNTINGTON,  INDIANA 

Glue  Room  Specialists  Since  1880 
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Ross  Langill,  Menominee,  Michigan  813v 

{ohn  E.  Langwig,  Grand  Rapids,  Michigan  139^as 

..  E.  Larkin,  Minneapolis,  Minnesota  966v 

Verne  O.  Larsen,  Corvallis,  Oregon  1852v 

Clifford  Larson,  Minneapolis,  Minnesota  962v 

Edward  L.  Larson,  Sheboygan,  WiKonsin  1190v 

Matt  L.  Larson,  Chicago,  Illinois  1821v 

W.  E.  Larson,  Grand  Rapids,  Michigan  1208a 

W.  L.  Latshaw,  Salt  Lake  City,  Utah  708a 

Edmund  I.  Laue,  Chicago,  Illinois  236v 

Charles  C.  Lavendier,  Pawtucket,  Rhode  Island  I281v 
Ortie  LaVoy,  St.  Paul,  Minnesota  206lv 

Rbt.  H.  Uwder,  Honolulu,  T.  H.  338v 

W.  P.  Lawrence.  Canton,  North  Carolina  103v 

Ralph  Laycock,  New  York,  New  York  2180v 

Norman  Lazarus,  Chicago,  Illinois  181 3v 

C.  Stanley  Leaf,  West  Allis,  Wisconsin  1063v 

J.  Louis  Moreno  Leal,  New  York,  New  York  2121v 

W.  L.  Lear,  Crossett,  Arkansas  22v 

laiuis  E.  Lecheler,  Ypsilanti,  Michigan  1843as 

Wm.  J.  LeClair,  Ottawa,  Ontario  202v 

Virgil  J.  Leech,  Detroit,  Michigan  1246v 

J.  B.  Leek,  Columbia,  South  Carolina  2217y 

George  W.  Le  Fevre,  Union  City,  Pennsylvania  890v 

Albert  A.  Legett,  Jackson,  Mississippi  328v 

Edgar  A.  Lehman,  South  fiend,  Indiana  I6l3v 

Clifford  C.  H.  Lehman,  High  Point.  North  Carcilina  1818v 
Clifford  E.  Lehmman.  High  Point,  North  Carolina  1828v 
Mark  M.  Lehrbas,  New  Orleans,  Louisiana  252v 

Adolph  D.  Lembach,  Santa  Monica.  California  884v 

H.  A.  Lenderink,  Grand  Rapids,  Michigan  375v 

Lawrence  Leney,  Syracuse,  New  York  1239v 

R.  G.  Lenox,  Sumter,  South  Carolina  688v 

Carl  J.  Lerch,  Cleveland,  Ohio  622v 

Ludwig  Lermer,  Kenilworth,  New  Jersey  1079v 

Howard  C.  Leslie,  Hyde  Park,  Massachusetts  1137v 

Harry  F.  Lewis,  AiM)leton,  Wisconsin  99v 

William  F.  Lewis,  Lyons,  Illinois  1136a 

Wayne  C.  Lewison,  Beebe  River,  New  Hampshire  638v 
N.  A.  Lewthwaite,  Port  Townsend,  Washington  929v 
Martin  Leyva  A.,  Chihuahua,  Mexico  2243v 

Thomas  M.  Liams,  Hamilton,  New  York  2020a 

Librarian,  Los  Angeles,  California  1817a 

Morris  Lieff,  Linden,  New  Jersey  685v 

John  E.  Liersch,  Vancouver,  B.  C.  279v 

Lightsey  Brothers,  Miley,  South  Carolina  1384s 

A.  H.  Likely,  Saint  lohn,  N.  B.  337v 

Carl  A.  Lile,  Coos  Bay,  Oregon  1902v 

Robert  C.  Lillie.  Grand  Rapids,  Michigan  934v 

George  Lilly,  Monticello,  Indiana  191 3v 

Sigurd  Lindnerger.  Stockholm,  Sweden  870v 

H.  J.  Lindeman,  Chicago,  Illinois  _  829v 

Ralph  M.  Lindgren,  New  Orleans.  Louisiana  1303v 

K.  Lindmiirk,  Rockford,  Illinois  96lv 

Helse  Lindross,  Lahtis,  Finland  2172v 

C.  D.  Lingor,  Aberdeen,  South  Dakota  932v 

Ed.  R.  Linn,  Stillwater,  Oklahoma  657v 

1.  L.  Linscott,  Centralia,  Washington  1784v 

Knut  Littorin,  Stockholm,  Sweden  1660v 

Norman  B.  Livermore,  Ir.,  San  Rafael.  California  1534v 
Alexander  Lobert,  Brooklyn,  New  York  ll45v 

Charles  R.  Lockard.  Upper  Darby,  Pennsylvania  493v 

Edward  G.  Locke,  Portland,  Oregon  I6v 

W.  E.  Lockwood.  Portland,  Oregon  1300v 

I.  Elton  Lodewick,  Longview,  Washington  134v 

F.  R.  Loetterle,  Chicago,  Illinois  l603v 

Gordon  D.  Logan,  Madison,  Wisconsin  767a 

Allen  V.  Long.  Newark,  New  Jersev  2088v 

A.  J.  Long,  North  Sacramento,  California  2117v 

J.  D.  Long,  Beltsville,  Maryland  130v 

L.  E.  Long.  Portland.  Oregon  458v 

Raymond  V.  Long.  Richmond,  Virginia  1838v 

Wayne  P.  Long,  Seattle.  Washington  2114a 

The  Long-Bell  Lumber  Co.,  Longview,  Washington  1340s 
A.  I.  Loom,  Brainerd,  Minnesota  565v 

E.  M.  Lorenzini.  Evanston.  Illinois  389v 

Ingenior  F.  Loschbrandt.  Skoyen.  Norway  2230v 

Harvey  J.  Loughead.  Biltmore,  North  Carolina  l413v 

Louisiana  Long  Leaf  Lbr.  Co.,  iFisher,  Louisiana  1134s 

Tames  L.  Love.  Hammond,  Louisiana  l603a 

Uno  Lowgren,  New  York,  New  York  717v 

Harry  A.  Lowther,  Joliet,  Illinois  95v 

Arrtold  E.  Lubach,  Palm  Springs,  California  632v 

Donald  G.  Lubeck,  Ann  Arbor,  Michigan  l433as 

Foster  Luce,  Portland,  Oregon  237v 

Robert  S.  Ludwig,  Greenville  Tunction,  Maine  1939v 

George  Q.  Lumsden,  Murray  Hill,  New  Jersey  504v 

A.  R.  Lundeen,  Portland,  Oregon  1047v 

Carl  B.  Lundstrom,  Little  Falls,  New  York  1188v 

lohn  F.  Lutz,  Pittsburgh,  Pennsylvania  l690as 

Russell  J.  Lutz,  Sharon,  Massachusetts  1971v 

Allen  A.  Lyon.  Seattle.  Washington  1769a 

James  R.  Lyon,  Milwaukee,  Wisconsin  197v 

William  A.  Lyons,  Oklahoma  City,  Oklahoma  723v 


M 

Edward  M.  McAlvage,  Grants  Pass,  Oregon  1788v 

D.  W.  McArthur,  Detroit,  Michigan  1363v 

Clark  F.  McBride,  Vancouver,  B.  C.,  Canada  838v 

Frank  McCloskey,  Phila,  Pennsylvania  617v 

F.  A.  McClure,  Washington,  D.  C.  978v 

Harry  McCord,  New  Castle,  Indiana  1228v 

Paul  H.  McCormack,  New  York,  New  York  159v 

R.  E.  McCraney.  Pickford,  Michigan  19l4v 

Edward  McCreaay,  Grand  Rapids,  Michigan  2206v 

William  I.  McCully,  Upland,  California  1491v 

Rbt.  W.  McDermid,  Huntsville,  Texas  369v 

C.  I.  D.  McDonald,  Port  Arthur,  Ontario,  Canada  1668a 

Edwin  R.  McDonald,  Chemainus,  B.  C.,  Canada  933v 
T.  A.  McElhanney,  Ottawa,  Ontario,  Canada  268v 

Wm.  A.  McFarland,  Wauna,  Oregon  43v 

Carl  McFarlin,  Nashville.  Tennessee  801a 

John  O.  McGillivray,  Weston,  Massachusetts  1940v 

Earl  P.  McGinn,  New  York,  New  York  2192a 

John  T.  McGinn,  Chicago,  Illinois  1097a 

Julian  iF.  McGowin,  Chapman,  Alabama  274v 

Edward  B.  McGraw,  Thorold,  Ontario  2167v 

James  A:  McIntosh,  Vancouver,  B.  C.  1340as 

Robert  A.  McKay,  Lufkin,  Texas  1432a 

Herbert  B.  McKean,  Washington,  D.  C.  227v 

Patrick  V.  McKeown,  Corvallis,  Oregon  2018as 

F.  L.  McKnight,  Gardner,  Massachusetts  1892v 

French  R.  McKnight,  Helena,  Arkansas  1634v 

I.  J.  McLaughlin,  Manistique,  Michigan  1123v 

George  L.  McLaren,  Selma,  Alabama  2120v 

George  McLean,  Wakefield,  Massachusetts  2083v 

G.  B.  McLeod,  Samoa,  California  1039v 

A.  Dale  McMillan.  Harlan,  Kentucky  1243v 

D.  L.  McMullan,  Vancouver,  B.  C.  1678v 

R.  H.  McMurtie,  Huntingburg,  Indiana  1231v 

George  E.  McNeice,  Camden,  Delaware  780v 

Duncan  McNeil.  Huntington  Beach,  California  810v 

A.  B.  McPherson,  Lakeview,  Oregon  1393as 

W.  B.  Me  Sorley,  St.  Louis,  Missouri  1070v 

George  A.  MeSwain.  Walpole,  Massachusetts  ,  l692as 

C.  A.  MeVey,  Sr.,  Tacoma.  Washington  199v 

Calixto  Mabesa,  Laguna,  Philippines  903v 

George  R.  Mabrey.  New  York,  New  York  1234v 

D.  B.  Mabry,  St.  Louis,  Missouri  346v 

G.  B.  MacDonald,  Ames,  Iowa  l492v 

H.  G.  MacDonald,  Monrovia,  California  1332v 

J.  G.  MacDonald,  Vancouver,  B.  C.  2037a 

Mortimer  D.  Macdonald,  Corvallis,  Oregon  824v 

Shirley  Ruth  Mack,  Washington,  D.  C.  440a 

Malcolm  Mackay,  Jr.,  Saint  John,  New  Brunswick  ^Ov 
A.  W.  Mackerer,  Algonac,  Michigan  355v 

C.  F.  MacLagen,  Bainbridge,  New  York  1348v 

MacMillan  Industries,  Ltd.,  Vancouver,  Canada  1399s 

S.  E.  Maddigan,  Vancouver,  B.  C.  1936v 

Melvin  M.  Madsen,  Bonner,  Montana  1796v 

C.  D.  Magdsick,  Pittsburgh,  Pennsylvania  468v 

Claude  F.  Maheu,  Montreal,  Quebec  1593v 

Walter  L.  Maier,  Chicago,  Illinois  733v 

Albert  B.  Maine.  Charlotte,  North  Carolina  1712v 

Oliver  Maisch,  Chicago,  Illinois  939v 

Stuart  S.  Mallinson,  London,  England  1113v 

W.  J.  Mallon,  Michigan  City,  Indiana  535a 

H.  Malmstrom,  Experimentalfaltet.  Sweden  997a 

John  W.  Mangan,  Adair  Village.  Oregon  2049as 

r.  A.  E.  Manning,  Victoria,  B.  C.  1947v 

Byrne  C.  Manson,  Eureka,  California  129v 

Julius  Marashinsky,  New  York,  New  York  1705v 

Marathon  Corn.,  Rothschild,  Wisconsin  1109s 

Gordon  D.  Marckworth,  Seattle,  Washington  llv 

Luigi  Marianelli,  Chicago,  Illinois  1309v 

L.  J.  Markwardt,  Madison,  Wisconsin  12v 

Clifton  B.  Marlin.  Durham.  North  Carolina  2084as 

Alan  A,  Marra,  Webstir,  New  York  587v 

G.  G.  Marra,  Morgantown.  West  Virginia  58v 

Carl  Marschke,  Rib  Lake,  Wisconsin  1630a 

A.  Fletcher  Marsh,  Chicago,  Illinois  59v 

E.  D.  Marshall,  Lufkin,  Texas  1123v 

H.  Borden  Marshall,  Toronto.  Ontario  318v 

Virl  D.  Marshall,  Corunna,  Michigan  1938v 

C.  Frederick  Martin.  Nazareth.  Pennsylvania  709v 

Charles  F.  Martin,  Chicago,  Illinois  1697a 

H.  R.  Martin,  Webster,  New  York  1744v 

John  R.  Martin,  Ames,  Iowa  I84las 

Theodore  J.  Martin,  Madison,  Wisconsin  9l6v 

W.  E.  Martin,  Grand  Rapids.  Michigan  15I5v 

W.  Linus  Martin,  Elizabeth,  New  Jersey  433v 

William  Martin.  Hoquiam,  Washington  1851v 

A.  R.  Marusi,  Sao  Paulo.  Brazil  1157v 

E.  L.  Mason.  Kingsville,  Texas  308v 

G.  Leslie  Mason,  Manchester,  England  1329v 

Frederick  A.  Masterson,  Chicago,  Illinois  1235v 

Paul  Matheson,  Bingham,  Maine  2128v 
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STIMSON 

LUMBER  COMPANY 


Loggers  and  Lumber 
Manufaaurers 

4 


Old  Growth  Yellow  Fir 


FOREST  GROVE,  OREGON 


The  finest  in  Wood  Kitchen  Cabi¬ 
nets,  Linoleum,  Formica,  Goodyear 
Vinyl,  and  Metal  Sink  and  Coun¬ 
ter  Tops. 

WOOD-METAL 

INDUSTRIES 

- #iV  c. - 

Plant: 

Kreamer,  Snyder  County,  Pennsylvania 


Executive  Offices: 

101  Paric  Avenue,  New  York  17,  N.  Y. 


PYLCOR  STEEL  FRAME  PRESSES 

Here’s  the'practicel,  eFficient  equipment  for  fast, 
economical  production  of  plywood  as  well  as  for 
making  board  from  wood  fibre  and  wood  waste. 
Solid  one  piece  steel  frames  insure  J  permanent 
alignment  and  even  pressure. 


PLYCOR 

HYDRAULIC 

LUMBER 

PRESS 


This  unit  has  no  equal  for  high  speed,  low  cost 
production  of  finest  quality  glued-up  panels  and 
core  stock  ...  a  fact  proved  by  55  installations  in 
45  leading  woodworking  plants.  Let  us  show  you, 
how  you,  too, can  save  money  and  improve  quality. 


Embodying  the  latest  developments  in  high  fre¬ 
quency  edge-jluing,  this  unit  insures  finest  quality 
at  high  speed  and  Tow  cost.  Fully  automatic  with 
conveyorized  glue  spreader. 


Writ*  for  (all  datoik 


PLYCOR  COMPANY 

DhfMeii  of 

EARLE  HART^WOODWORKING  MACHINE  CO. 
565  W.  WMlilaaten  Blvd.,  Chkafo,  III.  ANdevw  3-3540 
rpvMsea  Dr.,  SadeeBald,  GMaarbora,  N.  C.,  Graaasbore  9633 
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William  M.  Mathews,  New  Westminstet,  B.  C.  I696v 
Arthur  M.  Ii^ttison,  Rockford,  Illinois  2221v 

L.  R.  Mattson,  Hastings,  Michigan  2213v 

W.  C.  Mattson,  Prospect,  Oregon  l}8)a 

Elliot  D.  May,  Winchedon,  Massachusetts  l)20v 

E.  A.  Mayberry,  Hackettstown,  New  Jersey  IJlOv 

Ward  I^yer,  Portland,  Oregon  627v 

P.  B.  Mayfield,  Galveston,  Texas  821v 

H.  Stirling  Maxwell,  Montreal,  Quebec  119v 

John  W.  Maxwell,  Laconia,  New  Hampshire  llS8v 

George  D.  Meier,  Grand  ^pids,  Michigan  76lv 

John  G.  Meiler,  Coos  Bay,  Oregon  131v 

Ernest  C.  Mein,  Stockton,  California  l477v 

H.  M.  Meloney,  New  York.  New  York  1759v 

Roger  M.  Melrose,  Seattle,  Washington  1263as 

Memphis  Hardwood  Flooring  Co..  Memphis,  Tennessee 

1135s 

W.  C.  Meredith,  Jr.,  Atlanta,  Georgia  773v 

Sherman  L.  Merriam,  Jr.,  Seattle,  Washington  1217v 

E.  H.  Merritt,  Lockport,  New  York  l674a 

Harry  C.  Merritt,  Oowningtown,  Pennsylvania  234v 

Geo.  J.  Merten,  Coos  Bay,  Oregon  358v 

Joseph  F.  Mertes,  Chicago,  Illinois  1893v 

Henry  L.  Mertz,  Tacoma,  Washington  955v 

Beniamin  F.  Merwin,  Sudbuyr,  Ontario  1835v 

E.  B.  Meyercord,  Mobile,  Alabama  580v 

G.  R.  Meyercord,  Chicago,  Illinois  968v 

Stephen  L.  Michael,  Tacoma,  Washington  I49v 

Thomas  R.  Miles,  Portland,  Oregon  395v 

Robert  N.  Milham,  Ann  Arbor,  Michigan  I438as 

J,  Burton  Millar,  Neenah,  Wisconsin  237v 

C,  E.  Miller,  Memphis,  Tennessee  412v 

E,  Bums  Miller,  Lewistown,  Ohio  1295a 

Earl  L.  Miller.  San  Francisco,  California  l633v 

Huguenin  Miller,  Watervliet,  Michigan  294v 

Owen  L.  Miller,  Memphis,  Tennessee  30v 

Lloyd  P.  Miller,  Los  Angeles.  California  1746v 

Paul  Miller,  Minden,  Louisiana  678v 

S.  P.  Miller,  New  York,  New  York  364v 

Thomas  B.  Miller,  Waukegan.  Illinois  1787as 

William  D.  Miller,  Raleigh,  North  Carolina  1721v 

Crane  Mills,  Corning,  California  1166s 

T.  H.  Mills.  Camino,  California  l406v 

Lawrence  W.  Mims,  Gainesville,  Florida  6l0v 

Arthur  Minich.  Elizabeth,  New  Jersey  335v 

S.  V.  Minskey,  Sr.,  Knoxville,  Tennessee  190v 

A.  E.  Mitchell,  Marion,  South  Carolina  1592a 

A.  Harris  Mitchell,  Vancouver,  B.  C.  1972a 

Karl  M.  Mitchell,  Oak  Park,  Illinois  774v 

Leonard  O.  Mitchell,  Forest  Park.  Illinois  1209v 

Ray  W.  Mitchell,  Farmington,  Maine  ll60v 

Thotjus  J.  Mitchell.  Pickens,  South  Carolina  1829v 

Wm.  W.  Mitchell,  Madison,  Wisconsin  24v 

A.  Karl  Mock,  Lynchburg,  Virginia  1895v 

Aaron  Modansky,  Missoula,  Montana  1775v 

Thomas  S.  Moffat,  St.  Johns,  New  Brunswick  900v 

Wm.  R.  Moffitt,  Mattie,  Washington  343v 

Vic.  C.  Monahan,  Tacoma,  Washington  lIOv 

Monsanto  Chem.  Co.,  St.  Louis,  Missouri  552s 

Mack  W.  Moore,  Chattanooga,  Tennessee  1004v 

Robert  C.  Moore,  Grand  Rapids,  Michigan  2205as 

W.  M.  Moores,  Rockport,  California  1951v 

Donald  E.  Moreland,  Raleigh,  North  Carolina  2110as 
Walter  E.  Morgan,  Columbus,  Ohio  914a 

Robert  K.  Morgan,  Black  Mountain.  North  Carolina  1072a 
Wm.  R.  Morris,  San  Franscisco,  California  1053v 

H.  Morrison,  Detroit,  Michigan  1114a 

Victor  L,  Morse,  Brattleboro,  Vermont  825v 

David  B.  Morton.  Chicago.  Illinois  2187a 

Marion  Morton,  Beatrice,  Nebraska  1035v 

Harold  C.  Moser.  Louisville,  Kentucky  29v 

Marcel  Moser,  Quincy.  California  1969v 

Mosinee  Paper  Mills  Co.,  Mosinee,  Wisconsin  1380s 
Arthur  L.  Mottet,  Longview,  Washington  40v 

J.  S.  Mottishaw,  Port  Albemi,  B.  C.  36lv 

Geo.  E.  Moxley,  Camden,  New  Jers^  238v 

Edward  A.  Mraz,  Madison,  Wisconsin 

Paul  A.  Muehlman,  Philadelphia,  Pennsylvania  979v 

Charles  A.  Mueller,  Wausau,  Wisconsin  913a 

Lincoln  A.  Mueller,  Missoula.  Montana  1999v 

Richard  E.  Mullavey,  Concord,  New  Hampshire  1310as 
Loh.  Friedr.  Muller,  Hamburg,  Germany  2092a 

Robert  A.  Muller,  Boston,  Massachusetts  1857v 

M.  A.  Mummert,  Chicago,  Illinois  1442a 

Charles  E.  Murray,  Shelton,  Washin^on  724v 

Chas.  A.  Murray,  New  Orleans.  Louisiana 

D.  T.  Murray  Mfg.  Co.,  Wausau,  Wisconsin 
William  H.  Murphy.  Sheboygan,  Wisconsin 
A.  F.  Muschler,  Aurora.  Illinois 
Jose  G.  Gonzalez  Muz^uiz,  Chihuahua,  Chih., 


Earl  C.  Myers,  Portland,  Oregon 

W.  P.  Myhren,  Rapid  City,  South  Dakota 


1987s 

1679V 

1263as 

Mexico 

2233V 

381v 

1804v 


N 

George  H.  Nagel,  Winslow,  Arizona  1839a 

R.  O.  Nason.  Crossett,  Arkansas  1060v 

Nat'l  Assn,  of  Furniture  Mfg.,  Chicago,  Ill.  1481s 

National  Tank  h  Pipe  Co.,  Portland,  Oregon  1173s 

Amar  Nath  Nayer,  New  Eielhi,  India  219v 

Robt.  J.  Nebesar,  Bristol,  Virgi^nia  6^ 

Edward  W.  Neils,  Klickitat,  Washington  1771v 

J.  Neils  Lumber  Co.,  Portland,  Oregon  1466s 

Paul  Neils,  Portland,  Oregon  493v 

Richard  P.  Neils,  Libby,  Montana  1073v 

Herbert  U.  Nelson.  Washington,  D.  C.  46a 

John  W.  Nelson,  New  York,  New  York  2026v 

Kenneth  E.  Nelson,  Van  Nuys,  California  1207v 

Collins  B.  Newell,  Leofainster,  Massachusetts  1944v 

Harold  S.  Newins,  Gainesville,  Florida  23v 

Newport  Industries,  Inc.,  DeQuincy,  Louisiana  1480s 

Erie  T.  Newsom,  Jr.,  Macon,  Georgia  1898v 

W.  F.  Newton,  Pittsburgh.  Pennsylvania  1911v 

Carlton  E.  Nichols,  Gardner.  Massachusetts  1763v 

Charles  R.  Nichols,  Jr.,  Jersey  City,  New  Jersey  1227v 
Fred  Nicholson,  Seattle,  Washington  1552a 

S.  M.  Nickey,  jr.,  Memphis,  Tennessee  1632v 

W.  K.  Noble,  Fort  Wayne,  Indiana  1210a 

Louis  F.  Nord,  Cadillac,  Michigan  775v 

Wayne  A.  Norman,  Dubuque,  Iowa  295v 

R.  E.  Norment,  Lenoir,  North  Carolina  2224a 

Richard  E.  Norment,  Jr.,  Lenoir,  North  Carolina  1719as 
C.  B.  Norris,  Madison,  Wisconsin  7l6v 

Philip  L.  Northcott,  Vancouver,  B.  C.  1538a 

Northwest  Furniture  Mfrs.  Assn.,  Seattle,  Washington 

1574s 

Arthur  J.  Norton,  Seattle,  Washington  832v 

Newell  A.  Norton,  State  College,  Pennsylvania  749v 

Robert  G.  Norton,  Adair  Village,  Oregon  l440as 

M.  W.  Nunemaker,  Marquette,  Michigan  515v 

B.  L.  Nutting,  Medford,  Oregon  1642a 

Arthur  R.  Nye,  Grand  Rapiirt,  Michigan  2227as 

Leonard  Nystrom,  Eugene,  Oregon  1868v 


o 


Alfred  J.  O’Brien,  Chester,  California  1949as 

Edward  H.  O’Brien,  Schenectady,  New  York  1143v 

Thomas  W.  O’Day,  Lowell,  Massachusets  2042v 

Ronald  E.  Ogden,  St.  Peters,  N.  S.  W.,  Australia  1120v 
Nils  Jul  Ogland,  Ornskoldsvik,  Sweden  1590v 

Eugene  R.  O’Hare,  New  York,  N.  Y.  906v 

The  Ohio  Knife  Co.,  Cincinnati,  Ohio  1337s 

Ernest  L.  Oliver,  Ivoryton,  Connecticut  2139v 

Wm.  A.  Oliver,  Urbana,  Illinois  951v 

George  E.  Olson,  Midland,  Michigan  203v 

George  T.  Olson,  Washin^on,  D.  C.  726v 

Howard  Olson,  Minneapolis,  Minnesota  18l6v 

Charles  S.  O’Neil,  Two  Rivers,  Wisconsin  2190v 

Lawrence  E.  O’Neil,  KalisPell,  Montana  l608v 

Ernin  N.  Onen,  Brooklyn,  New  York  1334as 

Dennis  S.  O’Meara,  Allegan,  Michigan  1687v 

Oregon  Lumber  Co.,  Baker,  Oregon  1194s 

Samuel  Orenstein,  Newark,  New  Jersey  71^ 

August  C.  Orthmann,  Milwaukee,  Wisconsin  l47v 

Edward  B.  Osborne,  Cleveland,  Ohio  1084v 

H.  F.  Ostman,  St.  Louis,  Missouri  478v 

V.  C.  Otley,  New  York,  New  York  492v 

Chester  W.  Ott,  Portland,  Oregon  634v 

Oval  Wood  Dish  Corp.,  Tupper  Lake,  New  York  1497s 

{.  A.  Overgard,  Eugene,  Oregon  ll42v 

ames  L.  Overholser,  Dallas.  Oregon  2174as 

Alfred  E.  Oviatt,  Lancaster,  Pennsylvania  2l40v 

Haloid  P.  Owen,  Chicago,  Illinois  1965v 


P 

Pack  River  Lumber  Co.,  Sandpoint,  Idaho  1600s 

Robert  S.  Packman,  Valparaiso.  Indiana  l427as 

W.  D.  Page,  Seattle,  Washington  1738as 

I.  R.  Palmer,  Houston,  Texas  189v 

R.  E.  Palmer,  Ridgeway,  Virginia  1827v 

Carl  R.  Pandel,  Chicago,  Illinois  643v 

Alexis  J.  Panshin,  East  Lansing,  Michigan  l67v 

Conrad  Pantke,  New  York,  New  York  544v 

Paul  Paradis.  Rimouski,  Quebec  1645a 

William  S.  Park,  New  London,  Wisconsin  21^v 

John  E.  Parnell,  Crossett,  Arkansas  656v 

Frank  T.  Parrish,  Gardner,  Massachusetts  lOlOv 

Tohn  L.  Parsons,  Watervillc,  Maine  182v 

Ralph  H.  Parsons,  East  Lansing,  Michigan  2207a 

Robert  E.  Partch,  Stockton,  California  817v 

James  Pastoret.  Fort  Benning,  Georgia  1822as 

L.  A.  Patronsky,  Ann  Arbor,  Michigan  712t 


.594 


FOREST  PRODUCTS  RESEARCH, SOCIETY 


PROFESSIONAL  CARDS 


SERGE  A.  BIRN 


Consulting  Atsnogoment  Engineers 


SPECIALIZING 


IN 

WOODWORKING 


AND 

FURNITURE  ENGINEERING 
Literature  and  Ref erences 
Upon  Re'guest 

Heybum  Bldg.  LouisTille  2,  Ky. 

Phone:  WAboah  0531 


CHAS.  T.  MAIN,  INC. 

CONSULTING  ENGINEERS 

80  Federal  St.,  Boston  10,  Mass. 

• 

PULP  AND  PAPER  MILLS 

Steam.  Hydraulic  d  Electrical  Engineering 

Precese  StudiM.  Deaiga,  Spedficcrtieiie  and 
Eagiaeeriag  SuperriaieB.  Bepeila,  Cen- 
•nltotioB.  oad  VoluatioBS 


R.  H.  RAWSON 

Consulting  Timber  Engineer 
YEON  BUILDING.  PORTLAND  4.  OREGON 
Design  and  supervision  of  construction  of 
timber  treating  plants.  Investigations  and  re¬ 
ports  on  treating  processes.  Inspection  of 
treated  and  untreated  west  coast  forest 
products. 

Registered  Professional  Engineer  in  die 
States  of  Oregon  and  Washington. 
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Edward  A.  Patton,  Clinton,  Iowa  1701v 

C.  W.  Patton,  Martinsville,  Indiana  1537a 

Benson  H,  Paul,  Madison,  Wisconsin  665v 

R.  D.  Pauley,  Longview,  Washington  476v 

Monty  A.  Payne,  State  College,  Mississippi  385v 

Clifford  H.  Pearson,  Olympia,  Washington  973v 

David  H.  Pease,  Jr.,  Ann  Arbor,  Michigan  2108as 

Harold  J.  Peavy,  Ladysmith,  Wisconsin  1388v 

Francis  Peche,  Brussels,  Belgium  603v 

Edward  C.  Peck,  Madison,  Wisconsin  725v 

John  F.  Peck,  Lancaster,  Pennsylvania  1282v 

Axel  V.  Pedersen,  Los  Angeles,  California  79v 

J.  W.  Pedigo,  Jasper,  Texas  447v 

Herbert  M.  Peet,  Seattle,  Washington  607v 

Nazario  Penas,  Bailan  City,  Philippine  Islands  2096v 
M.  B.  Pendleton,  Chicago,  Illinois  647a 

W.  A.  Penrose,  Washington,  D.  C.  T874a 

Leonard  Perez,  St.  Louis,  Missouri  502v 

Perkins  Glue  Co.,  Lansdale,  Pennsylvania  1317s 

C.  A.  Perkins,  Shreveport,  Louisiana  475v 

Nelson  S.  Perkins,  Tacoma,  Washington  745v 

Ross  N.  Perkins,  Foxboro,  Massachusetts  400a 

Robert  L.  Perrin,  Ann  Arbor,  Michigan  1507as 

Donald  G.  C.  Perry,  Grand  Rapids,  Michigan  2102v 

Frederick  Perry,  Cambridge,  Massachusetts  970v 

Henry  J.  Perry,  Chatham,  New  Jersey  l434v 

Thomas  D.  Perry,  Moorestown,  New  Jers^  682v 

Chester  A.  Perschke.  Grand  Rapids,  Michigan  2200v 

Peter  Cooper  Corpi.^  Chicago,  Illinois  1221s 

Geo.  L.  Petersen,  Cornell,  Wisconsin  165v 

H.  S.  Peterson,  Orange,  Texas  207v 

Roy  B.  Peterson,  Memphis,  Tennessee  1176v 

Richard  W.  Pettersen,  Seattle,  Washington  1799as 

Carl  A.  Peterson,  Prineville,  Oregon  1963v 

W.  I.  Petterson,  Portland,  Oregon  1908v 

Edmond  Peyrot,  New  York,  New  York  1793v 

Jack  R.  Pfeiffer,  Durham,  North  Carolina  2062as 

Henry  D.  Pfenning,  Huntington  Park.  California  2058v 
Adolph  Pfund,  Chicago,  Illinois  35v 

Raymond  C.  Phelps,  Flint,  Michigan  1423a 

Warren  W.  Philibrick,  Seattle,  Washington  356v 

Philco  Corp.,  Philadelphia,  Pennsylvania  4l0s 

Philip  Harwood,  Cheshire,  England  l473v 

H.  K.  Phinney,  Greensboro,  North  Carolina  1727v 

D.  H.  Phipps,  Wenatchee,  Washington  1118v 

Gustave  Clodomir  Piche,  Montreal,  Quebec  533v 

M.  H.  Pickard,  New  York,  New  York  498v 

Donald  F.  Pierce,  iFarmington,  Maine  1159v 

R.  M.  Pierce,  Mt.  Rainer,  Maryland  1269v 

Wesley  W.  Pietsch,  Ames,  Iowa  1814as 

George  L.  Pilliod,  Swanton,  Ohio  2189v 

Maxon  Y.  Pillow,  Madison,  Wisconsin  66iv 

Alex  Pincus,  Parow,  C.  P.,  South  Africa  1862a 

Jacques  J.  Pinkard.  Wheaton,  Illinois  1449v 

Ward  H.  Pitkin,  New  York,  New  York  150v 

H.  Howard  Pittinger,  Brooklyn,  New  York  1566v 

Plaskon  Div.,  Toledo,  Ohio  1768s 

David  C.  Plumpton,  Manchester,  New  Hampshire  1717v 
Nicholas  V.  Poietika,  Washington,  D.  C.  1333as 

E.  H.  Polk  Portland,  Oregon  5Mv 

Robert  A.  Pope,  Rochester,  New  York  1980v 

O.  StanW  Poner,  Boston,  Massachusetts  2175v 

Paul  B.  Porter,  Chambersburg,  Pennsylvania  551v 

Nick  A.  Possnack,  Morgantown,  West  Virginia  1329as 
Potlatch  Forests,  Inc.,  Lewiston,  Idaho  I6l7s 

Powell  River  Co.,  Ltd.,  Powell  River,  B.  C.  1220s 

Ashby  R.  Powell,  Jefferson  City,  Missouri  211a 

J.  Howard  Powell,  F.trmingdale,  L.  I.,  New  York  692 v 
J.  B.  Power,  Vancouver,  Washington  1923v 

Richard  Pratt.  New  York,  New  York  2228a 

Willard  E.  Pratt,  Seattle,  Washington  4l5v 

Jos.  Prescott.  Cleveland,  Ohio  519v 

Richard  J.  Preston,  Jr.,  Raleigh,  North  Carolina  523v 

S.  B.  Preston,  Hamden,  Connecticut  1267as 

Robt.  J.  Prettie,  Port  Arthur,  Ontario  393v 

Leonard  A.  Prichard,  Pinedale,  Arizona  1984v 

R.  L.  Prine,  Manistique,  Michigan  1124v 

Phimister  B.  Proctor,  Corvallis,  Oregon  132v 

Leonard  S.  Prockup,  Liverpool,  New  York  1831v 

Henry  B.  Puff,  Chicago,  Illinois  2197v 

L.  R.  Pugh,  St.  Maries,  Idaho  924v 


Q 

Lyman  Quincy,  Sumter,  South  Carolina  1601v 

Don  L.  Quinn,  Chicago,  Illinois  245v 

James  D.  Quist,  Holland,  Michigan  673v 


R 


Peter  A.  Rahaim,  Gardner,  Massachusetts  1790v 

H.  L.  Rammer,  Stockton,  California  l459v 

Forrest  H.  Ramsdell,  Longview,  Washingtqn  l429v 

Vernon  E.  Ramsey,  Suffolk,  Virginia  1861a 

William  E.  Rand,  Stanford,  California  1661a 

Gopal  S.  Ranganathan,  Madras,  India  1530v 

Shri  C.  R.  Ranganathan,  Dehra  Dun,  India  1644v 

William  G.  Raoul,  Chattanooga,  lennessee  1003v 

Haroid  J.  Raphael,  Philomath,  Qregon  1715as 

Edward  RapP.  New  Haven,  Connecticut  1270as 

George  M.  Rapp,  Raritan,  New  Jersey  836v 

O.  Anker  Rasch,  Halden,  Norway  1086v 

Carl  A.  Rasmussen,  Portland,  Oregon  457v 

Donald  H.  Rathbun,  Morgantown,  West  Virginia  1330as 
R.  V.  Ratcliff,  Chicago,  Illinois  l651v 

August  H.  Rauch,  Tacoma,  Washington  704v 

R.  H.  Rawson,  Portland,  Qregon  123v 

Lionel  Ray,  Portland,  Oregon  307v 

E.  C.  Read,  Milwaukee,  Wisconsin  1884a 

Alfred  R.  Reardon,  Fresno,  California  2057v 

A.  B.  Recknagel,  Vancouver,  B.  C.  703v 

Kenneth  Redman,  High  Point,  North  Carolina  3l6v 

Robt.  E.  Reed,  Clinton,  North  Carolina  528v 

Thomas  J.  Reese,  New  York,  New  York  76v 

M.  Rehnquist,  Chicago,  Illinois  883v 

R.  E.  Reilley,  Emeryville,  California  854v 

Lester  H.  Reineke,  Madison,  Wisconsin  739v 

Clarence  Reisen,  Union,  New  Jersey  1991v 

Harold  E.  Relyea,  Ridley  Park,  Pennsylvania  1756v 

Winfield  A.  Remington.  Hibbing,  Minnesota  1289a 

iohn  Reno,  Chicago,  Illinois  1348v 

.eonard  Repsher,  Bloomfield,  New  Jersey  958v 

lames  C.  Rettie,  Philadelphia,  Pennsylvania  732v 

Nugent  E.  Rex,  Salisbury,  Maiyland  2008v 

Alfredo  P.  Reyes,  Ann  Arbor,  Michigan  1791as 

Maxwell  K.  Reynolds,  Marquette.  Michigan  1558a 

George  W.  Rhine,  West  Haverstraw,  New  York  1702v 
Rhinelander  Paper  Company,  Rhinelander,  Wisconsin  20Ms 
H.  J.  Rhodes,  Pineville,  I^uisiana  1327v 

C.  D.  RieSj  Seattle,  Washington  .  2195a 

Raymond  C.  Rietz,  Madison,  Wisconsin  166v 

William  W.  Rice,  Little  Falls,  New  Jersey  1689as 

J.  Har^  Rich.  Amherst,  Massachusetts  374v 

A.  P.  Richards,  Duxbury,  Massachusetts  473v 

C.  Audrey  Richards,  Madison,  Wisconsin  39v 

Dean  B.  Richards,  Syracuse,  New  York  1960v 

C.  W.  Richen,  Portland,  Oregon  925v 

Ernest  D.  Richmond,  Quincy,  Massachusetts  235v 

H.  T.  A.  Richmond,  Bronxville,  New  York  2027a 

Gerald  B.  Ricketson,  Hartford,  Connecticut  I4llv 

Donald  D.  Riddle,  Ames,  Iowa  1812as 

J.  Alden  Rigdon,  Warsaw,  Indiana  1910v 

O.  B.  RigRS,  Sullivan,  Indiana  969v 

Rilco  Laminated  Products,  Inc.,  St.  Paul,  Minnesota  1026s 
Madison  M.  Riley,  Portsmouth,  Virginia  1825v 

Chas.  A.  Rinehimer,  Elgin,  Illinois  27v 

James  M.  Ring,  ^racuse.  New  York  1776as 

Walter  C.  Ring,  Seattle.  Washington  1357as 

Olavi  Rinkinen,  Helsinski,  Finland  2208v 

Carl  A.  Rishell,  Washington,  D.  C.  15v 

Dr.  Jos.  Risi,  Quebec  1588v 

Robt.  W.  Risser,  Little  Rock,  Arkansrs  311v 

John  D.  Ritchie,  Tacoma.  Washington  837v 

Geo.  J.  Ritter,  Madison,  Wisconsin  737v 

W.  L.  Robb,  Ogden.  Utah  19v 

David  Roberts,  Owen  Sound,  Ontario  2124v 

Melvin  R.  Roberts,  Los  Angeles,  California  948v 

Percival  R.  Roberts,  Jr.,  Newark,  Delaware  1322a 

Gaylord  K.  Robertson,  Ames,  Iowa  I844as 

J.  C.  Robertson,  Manchester,  England  876v 

Neil  F.  Robertson,  Tacoma,  Washington  606v 

Louis  W.  Robeson.  Los  Angeles,  California  1285v 

Alexander  J.  Robinson,  Spokane,  Washington  787v 

lohn  E.  Robison,  St.  Helens,  Oregon  l62v 

Lowell  V.  Robinson,  Detroit,  Michigan  I4l7v 

C.  Y.  Robson,  Port  Alberni,  B.  C.  298v 

J.  N.  Roche.  Pittsburgh,  Pennsylvania  390v 

Geoffrey  J.  Rodger,  Canberra,  Australia  2178v 

Jos.  L.  Rodgers,  New  York,  New  York  352v 

Jos.  A.  B.  Rodrigue.  St.  Boniface,  Manitoba  1258a 

William  H.  Rogers.  Seattle,  Washington  667v 

James  A.  Roland,  St.  Louis,  Missouri  920v 

Chas.  Roman.  Miami,  Florida  1539a 

Leonard  A.  Ropella.  Marshfield,  Wisconsin  l647v 

Donald  R.  Roper,  Oroville,  California  452v 

D.  M.  Rose  &  Co.,  Knoxville,  Tennessee  1148s 

John  E.  Rose,  Knoxville,  Tennessee  444v 

Richard  C.  Rose,  Rutland,  Vermont  1941v 

Stanley  J.  Rosen,  Buffalo,  New  York  527v 

Joseph  T.  Rothrock,  West  Chester,  Pennsylvania  ,1255v 
Phillipe  A.  Roulier,  Skonsmon,  Sweden  lllOv 
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Ralph  M.  Round^  Wichita,  Kansas 
Chas.  A.  Rowe,  Dominion  of  Canada 
Joseph  G.  Rowell,  Atlanta,  Georgia 
Jesse  C.  Royer,  Frenchville,  Pennsylvania 
Charles  E.  Rozema,  Portland,  Oregon 
C.  A.  Rubavits,  Chicago,  Illinois 
Harold  F.  Rubin,  Indianapolis,  Indiana 
Tinsley  W.  Rucker,  Louisville,  Kentucky 
E.  W.  Ruddick,  Chicago,  Illinois 
Gedrge  F.  Russell,  Tacoma,  WashinMon 
Mario  R.  Russillo,  Providence,  Rhode  Island 
Jos»h  R.  Russo,  Suffern,  New  York 
J.  T.  Ryan,  High  Point,  North  Carolina 
waiter  J.  Ryan,  Tacoma,  Washington 
Milton  E.  R^erg,  Gainesville,  Florida 
Dan  Rygel,  Dunsmuir,  California 


H.  S.  Sackett,  Portland,  Oregon 
Tadgel  H.  Sadd,  Maidon,  Essex,  England 

ierome  F.  Saeman,  Madison,  Wisconsin 
yle  W.  Salquist,  Portland,  Orejgon 
D.  B.  Salstrom,  Chicago,  Illinois 
Albert  A.  Salt,  Baltimore,  Maryland 
Clinton  J.  Sammond,  Tacoma,  Washington 
Herbert  C.  Sampert,  Medford,  Oregon 
Lynn  Sandberg,  Hibbing,  Minnesota 
L.  T.  Sandborn,  Crossett,  Arkansas 
Edward  H.  Sanders,  Cleveland,  Ohio 
H.  B.  Sanders,  Union,  Illinois 
W.  C.  Sanders,  Ottawa,  Illinois 
Leslie  G.  Sanderson,  Louisville,  Kentucky 
Wm.  J.  Sanderson.  Malton,  Ontario 
Sven  G.  Sandstrom,  Stockholm,  Sweden 
W.  E.  Santoro,  Jersey  City,  New  Jersey 
James  C.  Sarvis,  Corvallis,  Oregon 
E.  L.  Sawyer,  Peshastin,  Washington 
Karl  Schaaf,  Rockford,  Illinois 
Leslie  F.  Schaffer,  Vancouver,  B.  C. 

Walter  M.  &hall,  Kankakee,  Illinois 
R.  A.  Schaub,  Whiting,  Indiana 
Theodore  C.  Scheffer,  Madison,  Wisconsin 
George  Schiff,  Northumberland,  England 
Paul  R.  Schildge,  Ann  Arbor,  Michigan 
W.  K.  Schlegd,  Green  Bay,  Wisconsin 
William  Schlener,  Brooklyn,  New  York 
Robert  H.  Schlueter,  Cincinnati,  Ohio 
Ragnar  Schlyter,  Stockholm,  Sweden 
Walter  H.  ^hmitt,  Detroit,  Michigan 
Eric  J.  Schneider,  Chicago.  Illinois 
Hans  Schneider,  Hammond.  Louisiana 
W.  R.  Schofield,  San  Francisco,  California 
T.  W.  Schomhurg,  Denver,  Colorado 
Wilbert  E.  Schowalter,  Madison,  WiKonsin 
O.  Harry  Schrader,  Jr.,  Seattle,  Washington 
J.  F.  Schram.  Detroit.  Michigan 
Alexander  Schreiber,  Chicago,  Illinois 
I.  A.  Schulist,  Detroit,  Michigan 
Charles  D.  Schultz.  Vancouver,  B.  C. 

Milton  O.  Schur,  Pisgah  Forest,  North  Carolina 
Robert  M.  Schwaner,  Ann  Arbor,  Michigan 
Paul  R.  Schwartz,  Rockmart,  Georgia 
Louis  Schweitzer,  New  York,  New  York 
Matthew  Sciascia,  Washington,  D.  C. 

Scott  Lumber  Co.,  Inc.,  Burney,  California 
Gordon  C.  Scowcroft,  Transcoma.  Manitoba 
Sears.  Roebuck  &  Co.,  Chicago,  Illinois 
Joseph  N.  Sears,  Sacramento.  California 
Ray  M.  Seborg,  Madison,  Wisconsin 
James  F.  Sechrist,  Red  Lion,  Pennsylvania 
Lauren  E.  Seeley,  Durham,  New  Hampshire 
J.  F.  Seouin,  Quebec,  Canada 
Gus  A.  Seidel,  Mellen.  Wisconsin 
Herbert  Seidel,  Brooklyn.  New  York 
A.  C.  Sekhar,  New  Delhi,  India 
Magnus  L.  Selbo,  Madison.  Wisconsin 
H.  A  A.  Selmer.  Inc.,  New  Castle,  Indiana 
L.  Q.  Selzer,  Waterloo.  Iowa 
Emil  Scmiing,  Merrill.  Wisconsin 
G.  S.  C.  Semmens,  Melbourne,  Australia 
Benjamin  Seplowin,  Middletown,  New  York 
Lee  S.  Setter,  Ellijay,  Georgia 
lohn  F.  Shanklin,  Washin^on,  D.  C. 

Paul  J.  Shank,  Tef^ucigalpa,  Honduras 
E.  C.  Shanks,  Baltimore,  Ma^land 
A.  W.  Sharp,  Columbus,  Ohio 
A.  W.  Sharp,  Columbus.  Ohio 
Daniel  W.  Shattuck,  Indianapolis,  Indiana 
Gale  H.  Shaw,  Stowe,  Vermont 
Stanley  Sheip,  Chattahoochee.  Florida 
Harold  B.  Shepard,  Boston.  Massachusetts 
Wm.  C.  Shepard,  Berlin,  Connecticut 


642t  Harry  R.  Sheppard,  Pittsburgh,  Pennsylvania  }78v 

397v  E.  W,  Shellwort^  Boise,  Idaho  2068v 

)67a  Brian  L.  Shera,  Tacoma,  Washington  396a 

1346v  Grant  B.  Shipley,  Pittsburgh,  Pennsylvania  317v 

747v  L.  B.  Shipley,  New  York,  New  York  889v 

1230a  Isaac  Shipilner,  Tel-Aviv,  Israel  2148a 

1992v  Robt.  D.  Short,  Baton  Rouge,  Louisiana  333v 

1837V  Ray  E.  Shreck,  San  Francisco,  California  1736v 

1202v  Roy  H.  Sides,  Altavista,  Virginia  1633v 

1314v'  Feliks  E.  Siimes,  Helsinski,  Finland  l673v 

2240v  M.  M.  Sill,  Superior,  Wisconsin  1326v 

2043as  Herbert  J.  Simmonds.  New  York,  New  York  138v 

1303a  Fred  C.  Simmons,  Upper  Darby,  Pennsylvania  2063v 

329v  Simpson  Logging  Co.,  Shelton,  Washington  1463s 

480v  A.  L.  Simpson,  Toledo,  Ohio  791v 

1830v  Gordon  B.  Sims,  Piqua,  Ohio  1336v 

J.  W.  B.  Sisam,  Toronto,  Ontario  1778v 

ChrisfTan  Skaar,  Brooklyn,  New  York  1048v 

J.  Skala.  Minneapolis,  Minnesota  101  Iv 

127v  L.  N.  Skalley,  Portland,  Oregon  1698i 

2012v  Anthony  J.  Skomski,  Detroit,  Michigan  1333as 

319v  C.  H.  Slingluff,  Portsmouth,  Virginia  779v 

2209v  R.  W.  Smiley,  Madison,  Wisconsin  16l2v 

1786v  Douglas  S.  Smith,  Lebanon,  Oregon  2030as 

l624v  Frank  J.  Smith,  New  York,  New  York  1916v 

190^  G.  Arnold  Smith,  Portland,  Oregon  1378v 

1732V  Gerald  H.  Smith,  Syracuse,  New  York  2034v 

2013v  Harvey  H.  Smith,  Richmond,  California  838v 

406v  J.  H.  G.  Smith,  Vancouver,  B.  C.  I807as 

1699v  L.  W.  Smith,  Washington,  D.  C.  311v 

1547v  M.  F.  Smith,  Victoria,  B.  C.  44,3v 

963v  Norman  F.  Smith,  Lansing,  Michigan  1139v 

768v  Ralph  L.  Smith,  Kansas  City,  Missouri  I623v 

287v  Remus  Smith,  High  Point,  North  Carolina  1962v 

}72v  Richard  E.  Smith,  Pittsford.  New  York  1772v 

790v  S.  G.  Smith,  Vancouver,  B.  C.  362v 

2l43as  Stephen  K.  Smith,  Altavista,  Virginia  1349v 

1738v  W.  T.  Smith  Lumber  Co.,  Chapman,  Alabama  1488s 

1846a  Walter  W.  Smith,  Gillett,  Wisconsin  987v 

1067v  Walton  R.  Smith,  Asheville,  North  Carolina  372v 

381v  Bernard  Madison  Snell,  Chicago,  Illinois  879a 

804v  Robt.  F.  Snider,  Columbus,  Ohio  489v 

766v  James  D.  Snodgrass.  Corvallis,  Oregon  183v 

1309v  Andrew  J.  Snyder,  Tuscaloosa,  Alabama  334v 

1783as  Francis  H.  Snyder,  Bethel,  Connecticut  1013v 

1729v  Lloyd  I.  Snyder,  Hackensack,  New  Jersey  1431v 

1391V  Don  Soderlind,  Kosmos,  Washington  1770v 

1623v  H.  C.  Soehner,  Louisville,  Kentucky  2231v 

1074v  Anton  J.  Sommer,  Lynwood,  California  1049v 

I028v  P.  G-  Sommerville,  Fulton,  New  York  808v 

1172a  James  P.  Soper,  Jr.,  Chicago,  Illinois  888v 

I636v  Chris  P.  Sorensen,  Westerly,  Rhode  Island  1693v 

1734v  Russell  L.  Sorensen,  Belvidere,  Illinois  1872a 

1838v  Charles  Soule,  Pensacola,  Florida  2137v 

740v  Southern  Wood  Preserving  Co.,  Atlanta,  Georgia  1130s 

qgv  A.  G.  Spalding  &  Bros.,  Inc.,  Chicopee,  Massachusetts 
206v  1203s 

391v  T.  C.  Spaulding.  Missoula,  Montana  34v 

1061a  Neal  G.  Sperhake,  Marquette,  Michigan  1794v 

1233v  Stanley  S.  Sperry,  Albertson,  L.  1.,  New  York  1877v 

I71a  K.  L.  Spieldenner,  Painesville,  Ohio  1242v 

1740as  William  F.  Spinnegan,  Detroit,  Michigan  1730v 

l509v  Lazarus  Spiwack.  Bethel,  Connecticut  1014v 

1806v  C.  M.  Sporly,  St.  Paul,  Minnesota  490v 

228v  Edward  D.  Sprague,  Lynn,  Massachusetts  1377as 

1430s  R.  E.  Sprague,  Cleveland.  Ohio  2239v 

1231V  Norman  C.  Springate,  New  Westminster,  B.  C.  17l4v 

1948s  C.  H.  Sprott,  Lufkin.  Texas  363v 

176lv  Reavis  C.  ^roull,  Birmingham,  Alabama  1030v 

2000v  Harold  D.  Sprunger,  Ann  Arbor,  Michigan  2133as 

lOOlv  A.  Roy  Spurr,  GiKome,  B.  C.  1420v 

37v  lohn  H.  Squires,  Jr.,  New  York,  New  York  733v 

469v  W.  A.  Stacey,  Lawrence,  Kansas  499v 

1187v  J.  Wm.  Stair,  York,  Pennsylvania  2214a 

l493v  Alfred  J.  Stamm,  Madison,  Wisconsin  121v 

983v  Edward  P.  Stamm,  Portland.  Oregon  729v 

762v  Standard  Dry  Kiln  Co.,  Indianapolis,  Indiana  1224s 

2077s  LeRoy  Stanton,  Jr.,  Los  Angeles,  California  263v 

938v  Eric  W.  Stark,  Lafayette,  Indiana  390v 

194v  Joseph  F.  Stauss,  Benton,  Pennsylvania  1726v 

1107a  Sta-Warm  Electric  Co..  Ravenna,  Ohio  1183s 

1530v  Jos.  L.  Stearns.  Jr..  Washington.  D.  C.  22^ 

1836v  John  M.  Steedman,  Vancouver,  B.  C.  1332as 

86v  Toseph  I.  Steel.  North  Portland,  Oregon  339v 

1330v  W.  L.  Steen,  Grand  Rapids,  Michigan  22l6v 

427v  Harry  H.  Steidle.  Washington,  D.  C.  34v 

443v  Lester  Stein,  Chicago,  Illinois  2166v 

443v  M.  Russell  Stein,  New  York,  New  York  401v 

886a  W.  W.  Steinhauer,  Chicago,  Illinois  2113a 

343v  Dr.  Albert  B.  Steiner.  Vancouver,  B.  C.  797v 

21l6v  Max  Steinhaus,  Los  Angeles.  California  633v 

1336a  Theodore  D.  Steinway.  Long  Island  City.  New  York  Il6lv 

243v  Carl  H.  Stelling,  Cleveland,  South  Carolina  1943v 
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Richard  K.  Stem,  New  Albany,  Indiana  8)v 

Gene  H.  Stemper,  Milwaukee,  Wisconsin  2071a 

Chas.  H.  B.  Stepanek,  Flushing,  New  York  976v 

B.  M.  Stephens,  Houston,  Texas  531v 

E.  George  Stern,  Blacksburg,  Virginia  429v 

Stetson-Koss  Machinery  Co.,  Seattle,  Washington  1662s 
Clifford  A.  Stevens,  New  York,  New  York  259v 

Jay  M.  Stevens,  WashinMon,  D.  C.  6)8a 

Stanley  F.  Stevens,  Mar^field,  Wisconsin  503v 

W.  O.  Stevens,  Seattle,  Washington  474v 

Fred  J.  Stewart,  Hollywood,  Florida  522v 

James  E.  Stewart,  Minneapolis.  Minnesota  1946v 

Kenneth  S.  Stewart,  Dailey,  West  Virginia  1278a 

Harry  J.  Stilp,  Chicago,  Illinois  330v 

Stimson  Lumoer  Co.,  Forest  Grove,  Oregon  l40Cs 

John  J.  Stimson,  Huntingburg.  Indiana  289v 

1.  B.  Stinchfield,  Hoquiam,  Washington  693v 

Earl  R.  Stivers,  Rockaway,  New  Jersey  304v 

Robert  A.  Stobbe.  Adrian,  Michigan  l)72v 

R.  C.  Stock,  Kitchener,  Ontario  l672i 

R.  M.  Stockton,  Winston-Salem,  North  Carolina  2199a 

Stockton  Box  Company,  Stockton,  California  1133s 

Richard  S.  Stoker,  Detroit,  Michigan  407v 

Arthur  E.  Stolie,  Chicago,  Illinois  170v 

Clarence  D.  Stone,  Seattle,  Washington  118v 

James  E.  Storms,  Crouch,  Idaho  1977v 

Albert  W.  Stout,  Portland,  Oregon  198v 

M.  M.  Stover,  Seattle.  Washington  1343v 

Eric  W.  Strandberg.  Philadelphia,  Pennsylvania  81  Iv 

Roger  W.  Strauss,  Buffalo.  New  York  1360as 

Casper  Strong,  Chicago,  Illinois  1130v 

Alexander  Stuart.  Grand  Rapids,  Michigan  828v 

John  H.  Stucker,  West  Helena,  Arkansas  1602v 

Frank  Suder,  Eagle  River,  Wisconsin  1774v 

Nathan  Sugarman,  Atlanta,  Georgia  730v 

Clyde  T.  Sullivan,  Atlanta,  Georgia  760v 

Summerbell  Roof  Structures,  Los  Angeles,  California  1433s 
T.  O.  Sutton  &  Sons,  Chireno,  Texas  1339s 

Khid  Suvarnasuddhi,  Bangkok,  Siam  2182s 

Thomas  A.  Svien,  Ames.  Iowa  1782as 

Burton  F.  Swain,  Jr.,  Seymour,  Indiana  36v 

Lewis  C.  Swain,  Durham.  New  Hampshire  81 3v 

S.  Krishna  Swamy,  New  Haven,  Connecticut  2134as 

David  W.  Swanson,  Willow  Run,  Michigan  l483as 

Robert  W.  Swanson,  Portland,  Oregon  608v 

S.  E.  Swanson,  Boston,  Massachusetts  2213v 

W.  H.  Swanson.  Neenah,  Wisconsin  13v 

G.  G.  Sward,  Washington,  D.  C.  249v 

John  H.  Sweeney,  Chicago,  Illinois  393v 

Carroll  V.  Sweet,  Madison,  Wisconsin  94v 

L.  O.  Swinehart,  Oroville,  California  973v 

Ralph  F.  Symonds.  Chelsea,  Massachusetts  1117a 

Arthur  D.  Syska,  State  College,  Pennsylvania  1364as 

Geo.  M.  Syversen,  Chicago,  Illinois  210v 


T 

Tailby  &  Co.,  Ltd.,  Birmingham,  England  2003v 

Florencio  Tamesis,  Manila,  Philippines  904v 

S.  W.  Tamminga,  Grand  Rapids,  Michigan  392v 

Dr.  Yeo  Tang,  Kiaitng,  Sze.,  China  623v 

Michael  A.  Taras,  Middleton,  Wisconsin  1023v 

Stewart  M.  Tatem,  Eastford,  Connecticut  1886v 

Albert  H.  Taube,  Ames,  Iowa  181 3a5 

A.  B.  Taylor,  Spartanburg,  South  Carolina  822v 

Robert  Brooks  Taylor,  Fort  Wayne,  Indiana  248v 

A.  R.  Tegge,  Jr.,  Minneapolis,  Minnesota  71  Iv 

Tennessee  Products  &  Chemical  Corp.,  Nashville,  Tennessee 

ll6Cs 

Edward  H.  Terry.  Los  Angeles.  California  1713v 

H.  V.  Thaden,  Roanoke,  Virginia  272v 

Gilbert  Thiessen,  Pittsburg,  Pennsylvania  963v 

David  P.  Thomas.  Syracuse,  New  York  4l7v 

F.  H.  Thomas,  Chicago,  Illinois  1383v 

Thomasville  Chair  Co.,  Thomasville,  North  Carolina  1680s 
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